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Plate  4. — Elementary  Double  Ignition  System  for  Four   Cylinder 
Automobile  Engine, 


It  consists  of  a  two-spark  high  tension  magneto  system  and  a  battery  synchronous  ignition 
system  with  engine  driven  distribtiter. 
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NOTE 


In  planning  this  helpful  series  of  Educators,  it  has  been  the 
aim  of  the  author  and  publishers  to  present  step  by  step  a 
logical  plan  of  study  in  General  Engineering  Practice,  taking 
the  middle  ground  in  making  the  information  readily  available  and 
showing  by  text,  illustration,  question  and  answer,  and  calcula- 
tion ,  the  theories ,  fundamentals  and  modern  applications ,  includ- 
ing construction  in  an  interesting  and  easily  understandable 
form. 

Where  the  question  and  answer  form  is  used,  the  plan  has 
been  to  give  short,  simple  and  direct  answers,  limited  to  one 
paragraph,  thus  simplifying  the  more  complex  matter. 

In  order  to  have  adequate  space  for  the  presentation  of  the 
important  matter  and  not  to  divert  the  attention  of  the  reader, 
descriptions  of  machines  have  been  excluded  from  the  main 
text,  being  printed  in  smaller  type  under  the  illustrations. 

Leonardo  Da  Vinci  once  said: 

"Those  who  give  themselves  to  ready  and  rapid  practice 
before  they  have  learned  the  theory ,  resemble  sailors  who  go 
to  sea  in  a  vessel  without  a  rudder" 

— in  other  words,  "a  little  knowledge  is  a  dangerous  thing." 
Accordingly  the  author  has  endeavored  to  give  as  much  infor- 
mation, as  passible  in  the  space  allotted  to  each  subject. 

The  author  is  indebted  to  the  various  manufacturers  for 
their  co-operation  in  furnishing  cuts  and  information  relat- 
ing to  their  products. 

These  books  will  speak  for  themselves  and  will  find  their 
place  in  the  great  field  of  Engineering. 
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CHAPTER  46 
GAS   ENGINES 


The  term  gas  engine  is  generally  understood  to  mean  an  internal 
combustion  engine  using  natural  gas  or  the  vapor  of  gasoline  for 
fuel  as  distinguished  from  ''oil"  engines  or  those  using- kerosene 
or  heavy  low  grade  oils,  the  latter  class  including  the  Diesel 
engine. 

The  gas  engine  is  a  form  of  heat  engine,  since  it  operates  by 
means  of  the  expansive  energy  of  a  gas  which  has  been  subjected 
to  the  action  of  heat.     There  are  two  kinds  of  heat  engines : 

1.  External  combustion  engines; 

2.  Internal  combustion  engines. 

In  the  first  type  the  combustion  of  fuel  takes  place  outside 
the  working  cylinder  as  in  steam  engines  or  hot  air  engines, 
while  in  the  second  type  combustion  takes  place  inside  the 
working  cylinder  as  in  gas  and  oil  engines. 

It  is  a  matter  of  ordinary  observation  that  heat,  by  expanding  bodies, 
is  a  source  of  mechanical  energy,  and  conversely,  that  mechanical  energy 
being  expended  either  in  compressing  bodies,  or  in  friction,  is  a  source  of 
heat;  these  truths  are  summed  up  by  the  first  law  of  thermodynamics,*  as 
follows : 

Heat  and  mechanical  energy  are  mutually  convertible  in  the  ratio  of  about 
778  foot  pounds  for  the  British  thermal  unit  (Wood). 


*NOTE. — Thermodynamics,  the  science  of  heat  considered  as  a  form  of  energy,  is  useful 
in  advanced  study  of  the  theory  of  gas,  steam,  and  air  engines,  refrigerating  machines,  com- 
pressed air,  etc.  The  method  of  treatment  usually  adopted  is  severely  mathematical,  involving 
constant  application  of  the  calculus.  The  subject  will  not  be  presented  here  further  than  the 
discussion  of  a  few  fundamental  truths  which  should  be  understood  by  those  interested  in 
engines  of  any  kind. 
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Although  heat  and  work  are  mutually  convertible  and  in  definite  and 
invariable  proportions,  yet  no  conceivable  heat  engine  is  able  to  convert 
all  the  heat  given  to  it  into  work.  To  get  a  continuous  supply  of  mechanical 
energy  from  heat  depends  upon  getting  a  continuous  supply  of  hot  and  cold 
substances;  it  is  by  the  alternate  expansion  and  contraction  of  some  sub- 
stance, as  a  gas,  that  heat  is  converted  into  mechanical  energy. 

Perfect  heat  engines  are  ideal  conceptions  of  machines  which  are  prac- 
tically impossible,  but  whose  operations  are  so  arranged  that,  if  possible, 
they  would  convert  the  greatest  conceivable  portion  of  the  heat  given  to 
them  into  mechanical  work.  The  efficiency  of  a  heat  engine  is  the  ratio  of 
the  heat  converted  into  mechanical  work  to  the  total  amoimt  of  heat  which 
enters  the  engine. 

The  efficiency  of  a  perfect  heat  engine  depends  on  two  things:  1,  the 
temperature  of  the  heat  received,  and  2,  the  temperature  of  the  heat 
rejected.  The  greater  the  difference  between  these  temperatures  the  greater 
the  efficiency,  that  is,  the  greater  will  be  the  proportion  of  the  total  heat 
converted  into  mechanical  energy,  and  the  smaller  the  proportion  of  the  total 
heat  which  necessarily  passes  by  conduction  from  the  hot  to  the  cold  body. 

The  second  law  of  thermodynamics  is  an  expression  for  the 
efficiency  of  a  perfect  elementary  engine  (Wood),  and  is  stated 
as  follows: 

It  is  impossible  for  a  self-acting  machine,  unaided  by  any  external 
agency,  to  convert  heat  from  one  body  to  another  at  a  higher  tempera- 
ture.    (Clausius). 

Oues.  What  is  the  practical  interpretation  of  the  two 
laws  of  thermodynamics? 

Ans.  According  to  the  first  law,  there  is  nothing  to  prevent 
an  engine  converting  all  of  the  heat  supplied  to  it  into  mechanical 
energy,*  and  its  efficiency  may  be  expressed  by  1  or  unity. 
According  to  the  second  law,  no  heat  engine  can  convert  into 
mechanical  energy  more  than  a  small  fraction  of  the  heat  supplied 
to  it,  the  greater  port^n  being  necessarily  lost  in  various  ways. 

Oues.    What  causes  these  heat  losses? 

Ans.  In  overcoming  the  molecular  resistance  of  the  working 
substances  to  changes  of  form;  in  overcoming  the  friction  of  the 
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PV=Arrc 


/./V?e  of  Vo/umes 
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Figs.  2,638  and  2,639. — P  V  diagram;  thermal  lines.  Since  the  work  performed  by  a  piston  en- 
gine is  the  product  of  two  factors,  the  pressure  of  the  working  substance  multipHed  by  its  in- 
crease in  volume,  it  is  obvious  that  if  the  former  be  stated  in  some  unit  of  weight  such  as 
pounds,  and  the  latter  in  a  unit  of  length  such  as  feet,  a  diagram  can  be  drawn  enclosing  an 
area  which  will  represent  in  foot  pounds  the  work  performed  by  the  engine.  Thus  in  the 
figure  if  the  line  A  B,  represent  pressures  in  pounds,  and  the  line  A  C,  volumes  in  feet,  then 
for  any  pressure  P,  required  to  move  a  piston  from  A,  to  a  distance  corresponding  to  the 
volume  V,  the  area  of  the  rectangle  A  P  D  V,  will  represent  the  amount  of  work  performed, 
or  P  V  =  foot  pounds  of  work  performed.  In  this  case,  the  pressure  is  assumed  as  constant, 
and  the  example  illustrates  the  simplest  form  of  a  P  V-diagram.  Usually,  however,  the  pres- 
sure is  not  constant,  but  decreases  as  the  volume  increases,  therefore  the  line  P  D,  will 
assume  the  form  of  curve  sloping  downward  from  P  to  D,  the  varying  ordinates  of  which 
will  represent  the  pressures  for  the  corresponding  volumes,  and  the  area  enclosed  the  amount 
of  work  performed.  In  this  case,  the  temperature  is  assumed  as  constant,  and  the  curve 
represents  the  expansive  action  of  a  gas  under  that  particular  condition.  The  action  of  a 
heat  engine  is  modified  by  the  effects  on  its  working  substance  of  other  conditions  of  tempera- 
ture, volume,  and  pressure,  which  obtain  at  the  time  heat  is  applied.  ^  The  graphical 
representations  of  the  thermal  lines  resulting  from  those  conditions  will  give  areas  which 
will  differ,  as  later  shown,  for  the  various  classes  of  heaH;  engine,  according  to  the  method  of 
heat  application,  and  also  according  to  the  practical  working  cycle  employed  for  the  various 
types  of  any  particular  class. 
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working  parts  of  the  mechanism,  and  by  rejection,  or  exhaust 
of  the  working  substance  at  high  temperature. 

Oues.     How   is   the   thermal   efficiency  of  an    engine 
expressed  ? 

Ans.     As  a  fraction ;  it  is  equal  to  the  heat  converted  into  work 
divided  by  the  heat  absorbed  by  the  working  substance;  this 

B 


Figs.  2,640  and  2,641. — Icothermal  line.  The  most  natural  conditions  for  the  expansion  or  com- 
pression of  a  gas  doing  work  in  the  cylinder  of  an  engine  may  be  stated  as  follows:  1.  For  ex- 
pansion, when  the  pressure  decreases  as  the  volume  increases,  with  a  corresponding  decrease  in 
temperature  due  to  the  external  work  done  by  the  gas  in  moving  the  piston.  2.  For  compres- 
sion, when  the  pressure  increases  as  the  volume  decreases,  with  an  increase  in  the  tempera- 
ture due  to  the  work  spent  upon  the  gas  during  the  act  of  compression.  If,  however,  suitable 
means  be  provided,  so  that  during  expansion  the  gas  absorbs  an  amount  of  heat  equal  to 
that  expended  in  moving  the  piston,  and  during  compression  it  rejects  an  amount  of  heat 
equal  to  that  which  is  spent  upon  it  by  the  act  of  compression,  or  in  other  words,  if  the 
temperature  of  the  gas  be  kept  constant  its  mode  of  expansion  or  compression  will  be  iso- 
thermal, or  the  temperature  of  the  gas  will  be  the  same  at  all  points  of  the  piston  stroke, 
and  the  volume  at  any  point  multiplied  by  the  pressure  will  be  the  same  or  P  V  =  Constant. 
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fraction  represents  the  thermal  efficiency  of  an  engine  operating 
under  actual  working  conditions. 

Oues.    What  is  th^  nature  of  the  working  substance? 

Ans.     The  working  substance  is  the  medium  which  receives 
heat,  converts  a  small  portion  of  it  into  mechanical  energy,  and 


Figs.  2,642  and  2,643. — Adiahatic  line.  When  suitable  means  are  not  provided  for  maintaining 
a  constant  temperatuie,  or  if  the  action  of  the  gas  correspond  to  that  of  a  piston  moving  at  a 
high  rate  of  speed ,  or  if  the  gas  act  within  a  cylinder  which  is  a  non-conductor  of  heat, then, dur- 
ing expansion  the  temperature  will  fall  by  an  amount  equal  to  the  heat  units  expended  in  doing 
external  work,  and  during  compression  the  temperature  will  rise  by  an  amount  equal  to  the 
number  of  heat  units  of  work  spent  upon  it.  This  mode  of  expansion  or  compression  is 
called  adiabatic  since  there  is  no  transfer  of  heat  to  or  from  the  gas  through  the  walls  of  the 
cylinder,  and  the  external  work  during  expansion  is  done  entiiely  from  the  internal  energy 
of  the  gas.  It  is  obvious,  that  adiabatic  action  must  be  accompanied  by  a  change  in  the  ratio 
of  pressure  to  volume,  therefore,  at  the  end  of  the  piston  stroke  the  pressure  will  be  less 
than  in  the  case  of  isothermal  expansion  by  an  amount  corresl^Dnding  to  the  heat  expended 
in  doing  external  work.  In  the  figure,  the  curve  of  adiabatic  expansion  is  shown  by  the 
line  B  C,  In  isothermal  action  P  V  =constant,  therefore,  in  order  to  express  the  law  of 
adiabatic  action,  it  is  necessary  that  the  factor  V,  be  given  an  exponent  greater  than  unity, 
and  if  n,  be  put  to  represent  this  exponent,  then  P  Vw  =  constant. 
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rejects  the  remainder  still  in  the  form  of  heat.  The  working 
substance  may  be  a  solid,  a  liquid,  or  a  gas,  and  the  action  of  the 
engine  may  be  due  to  changes  of  either  the  form  and  the  volume 
of  the  working  substance,  or  to  changes  of  volume   alone. 


Jsopjest/c  Line 


Pigs.  2,644  and  2,645. — Isopiestic  line  or  isobar.  ■  The  isothermal  and  adiabatic  Hnes  shown  in 
the  preceding  diagiams,  are  not  the  only  thermal  lines  which  may  be  graphically  represented  on 
the  P  V  diagram.  For  example,  if  a  given  quantity  of  gas  be  placed  in  a  cylinder  and  allowed 
to  expand  under  the  influence  of  heat,  or  if  its  volume  be  increased  in  any  other  manner,  while 
its  pressure  is  kept  constant,  its  expansion  will  be  represented  by  a  horizontal  line  parallel 
to  the  line  of  volumes,  and  will  lie  above  the  latter  at  a  height  proportional  to  the  constant 
pressure  maintained  above  it.  Such  a  line  is  called  an  isopiestic  line  or  isobar,  and  corre- 
sponds to  B  C,  in  the  figure.  Isopiestic  expansion  occurs  during  the  charging  stroke  of  a 
gas  engine,  when  the  charge  is  drawn  into  the  cylinder,  and  isopiestic  compression  occurs 
during  the  exhaust  stroke,  when  the  burnt  gases  are  being  expelled  from  the  cylinder,  provided 
that  in  both  cases  the  area  of  the  valves  is  sufficient  to  prevent  variations  of  pressure  during 
the  operations  which  change  the  volume  of  the  gas. 
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Ones.    What  are  the  most  suitable  working  substances 
for  heat  engines  ? 

Ans.     Gases,  because  they  are  almost  perfectly  elastic,  and 
expand  largely  under  the  influence  of  heat. 
□ 

Oues.  What  name  is  given  to  com- 
pression or  expansion  at  constant  tem- 
perature? 

Ans.     Isothermal. 

Ones.  What  is  adiabatic  expansion 
or  compression? 

Ans.  If  the  cylinder,  in  which  the  expan- 
sion or  compression  takes  place,  were  a  non- 
conductor of  heat  so  that  no  heat  could  enter 
or  leave  the  cylinder,  then  during  expansion, 

the  temperature  will  fall  by  an  amount  equal 


Inner  Dead -Center 

Figs.  2,646  and  2,647. — Isometric  line.  If  a  given  mass  of  gas  be  placed  in  a  cylinder  and 
heated  while  its  volume  is  kept  constant;  then,  the  addition  of  heat  will  cause  an  increase  of 
pressuie,  and  the  line  traced  on  the  P  V  diagram  will  be  vertical,  and  will  lie  parallel  to  the 
line  of  pressures  at  a  distance  proportional  to  the  space  occupied  by  the  original  volume  of  the 
gas  as  shown  by  the  line  A  B.  Such  aline  is  called  an  isometric  line,  and  represents  the 
condition  when  the  charge  in  the  cylinder  of  a  gas  engine  is  ignited  while  the  piston  stands  at 
its  inner  dead  center.  ^ 


to  the  heat  units  expended  in  doing  external  work,  and  during 
compression,  the  temperature  will  rise  by  an  amount  equal  to 
the  number  of  heat  units  of  work  spent  upon  it. 
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Figs.  2,648  to  2,652.— Carno^  cycte  or  cycle  of  ideal 
heat  engine.     As  no  thorough  understanding  oi  the 
action  of  heat  engines  in  general,  and  of  those  using 
a  gas  for  a  working  substance  in  particular,  can  be 
reached  without  a  knowledge  of  the  cycle  of  action 
of  the  ideal  heat  engine,  as  described  by  Camot,  this 
cycle  should  be  thoroughly  understood.     In.  the  fig- 
ure, which  shows  the  thermal  lines  of  the  cycle  on 
the  plane  of  the  P  V  diagram,  imagine  a  cylinder 
made   of  non-conducting    material,    with    the 
exception  of  its  head  which  is  a   perfect  con- 
,    ductorof  heat,  and  having  a  piston,  also  made 
^  of  non-conducting  material,  working  within  it. 


Vy     \^      (K?/a^esJ 


Expansion  ^ 
Compress/on 

Imagine  also,  an  inexhaustible  source  of  heat  A,  having  a  constant  temperature  Ti,  a  non- 
conducting cover  B,  and  a  cold  body  C,  having  a  constant  temperature  T2,  lower  than  Ti, 
which  is  capable  of  receiving  or  absorbing  an  indefinite  amount  of  heat.  Let  the  cylinder 
contain  one  pound  of  a  perfect  gas,  at  a  temperature  Ti,  volume  Va,  and  pressure  Pa,  corre- 
sponding to  the  point  a,  on  the  diagram.  The  cycle  of  action  will  be  the  result  of  four  opera- 
tions as  follows:  1,  If  A ,  be  applied  to  the  bottom  of  the  cylinder  and  the  piston  allowed  to 
move,  the  gas  will  expand  isothermally  at  a  temperature  Ti  taking  heat  from  A,  and  pushing 
the  piston  forward  to  b,  and  the  pressure  will  change  to  P&.  and  the  volume  to  V&.  2,  Now, 
if  A,  be  removed  and  B,  applied  to  the  head  of  the  cylinder,  the  gas  will  expand  adiabatically, 
continuing  to  push  the  piston  forward  at  the  expense  of  its  own  internal  energy,  and  its  tem- 
perature will  fall.  Allow  the  gas  to  expand  until  its  temperature  falls  to  T2.  Then,  the 
pressure  will  have  fallen  to  Pc  and  the  volume  increased  to  Vc.  5,  Now,  remove  B,  and 
apply  C,  to  the  bottom  of  the  cylinder  and  force  the  piston  backwards.  The  gas  will  be 
compressed  isothermally  at  a  temperature  T2,  rejecting  into  C,  all  the  heat  due  to  the  work 
spent  upon  it  by  the  act  of  compression.  Continue  the  compression  until  a  point  d  is  reached 
from  which  a  line  of  adiabatic  compression  will  pass  through  the  point  a.  4,  If  C,  be  now 
removed  and  B,  again  applied  to  the  head  of  the  cylinder,  the  gas  will  continue  its 
compression  adiabatically,  the  pressure  and  temperature  rising,  and  if  the  point  d  be  properly 
chosen,  the  cycle  will  be  completed  by  the  restoration  of  the  oiiginal  temperature  Ti,  and 
the  original  pressure  Pa,  when  the  piston  reaches  the  point  corresponding  to  the  original 
volume  Vfl. 
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This  mode  of  expansion  or  compression  is  called  adiahatic  since  there  is 
no  transfer  of  heat  to  or  from  the  gas  through  the  walls  of  the  cylinder,  and  the 
external  work  during  expansion  is  done  entirely  from  the  internal  energy 
of  the  gas. 

Oues.  Do  the  products  of  combustion  in  a  gas  engine 
expand  iso thermally  or  adiabatically? 

Ans.  No;  the  expansion  follows  more  nearly  the  adiabatic 
curve;  there  is  considerable  transfer  of  heat  due  to  the  water 
jacket. 

Owes.  How  does  the  gas  engine  principle  of  operation 
differ  from  that  of  the  steam  engine? 

Ans.  The  gas  engine  represents  the  practical  transferance  of 
the  furnace  from  the  boiler  to  the  working  cylinder.  This  is 
accomplished  by  the  use  of  a  permanent  gas,  atmospheric  air, 
for  the  working  substance,  which  is  intimately  mixed  with  a  fuel 
also  in  the  form  of  a  gas.  This  mixture  constitutes  the  charge 
which  is  introduced  into  the  working  cylinder  of  the  engine  and 
there  ignited.  The  resulting  combustion  liberates  the  in- 
herent heat  of  the  fuel  component  of  the  mixture  and  applies  it 
directly  to  every  molecule  or  particle  of  the  air  component  or 
working  substance,  thus  increasing  its  temperature  and  pressure, 
and  causing  it  to  drive  the  piston. 

Classification. — In  the  history  of  the  gas  engine,  the  numer- 
ous types  brought  out  may  be  divided  into  three  classes: 

1.  Those  in  -which  the  charge  is  admitted  to  the  working 
cylinder  at  atmospheric  pressure  and  ignited  without  com- 
pression; 

2.  Those  in  which  a  charge  of  the  mixture  is  drawn  in  by  suc- 
tion of  the  working  piston,  and  ignited  after  being  compressed 
by  a  return  stroke  of  the  piston. 
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Fig.  2,653. — Sectional  view  of  a  four  cycle  gas  engine,  showing  the  valve  gear  and  other  working 
parts.  Both  inlet  and  exhaust  valves  are  mechanically  operated.  The  location  of  the  valves 
diametrically  opposite  each  other  requires  a  separate  cam  shaft  for  each.  These  cam  shafts 
are  geared  to  the  engine  crank  shaft  and  they  make  one  revolution  to  every  two  of  the  engine. 
When  the  inlet  valve  is  operated  by  a  spring  and  the  engine  suction,  only  one  cam  shaft  is 
necessary,  as  shown  in  fig.  2,654. 
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3.  Those  in  which  the  mixture  is  first  compressed  in  an  auxiliary 
cylinder,  and  a  charge  admitted  to  the  working  cylinder  under  a 
definite  constant  pressure  and  ignited  when  fully  admitted. 


Cycles  of  Operation. — ^All  modern  gas  engines  belong  to 
the  second  class,  and  may  be  grouped  into  two  well  defined  types, 

according  as  the  cycle  of 
operation  is  completed  in  two, 
or  four  strokes,  the  familiar 
terms 

1.  Two  cycle; 

2.  Four  cycle. 

The  four  cycle  engine  being 
more  generally  used  than  the  two 
cycle,  is  the  more  important  and 
will  accordingly  be  considered 
first.  Fig.  2,653  shows  the  gen- 
eral arrangement  of  parts  of  a 
four  cycle  engine. 

Oues.       What     is    four 
cycle  operation? 

Ans.  The  term  **four 
cycle"  is  an  abbreviation  of 
four  stroke  cycle,  and  means 
that  the  cycle  of  the  working 
substance  is  completed  in  four  - 
strokes  of  the  piston. 

Fig.'  2,654. — Illustrating  the  operation  of  a  four  cycle  engine  with  spring  inlet  valve  gear. 
The  figure  shows  a  spring  actuated  inlet  valve  M,  and  a  mechanically  operated  exhaust 
valve  H.  The  latter  is  opened  when  the  cam  E,  revolves  and  raises  against  the  roller  G, 
which  is  on  the  bottom  of  the  lifter  rod  F.  The  rod  F,  extends  upward  and  rests  against  the 
bottom  of  the  stem  of  the  valve  H,  although  between  the  two  or  at  their  point  of  contact 
are  nut  and  lock  nut  L,  for  lengthening  or  shortening  the  lifter  F,  and  so  to  vary  the  time  of 
opening  or  closing  of  the  valve.  The  spring  K,  is  compressed  or  squeezed  together  when  the 
valve  is  opened  and  immediately  the  cam  E,  travels  around  and  allows  the  roller  G,  to  fall; 
this  spring  exerts  its  pressure  and  closes  the  valve.  The  intake  valve  M,  is  automatically  ' 
opened  by  the  suction  of  the  engine. 
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Figs.  2,655  to  2,658. — The  four  cycle  method  of  operation.  Fig.  2,655,  admission  stroke; 
fig.  2,656,  compression  stroke;  fig.  2,657, poirer  stroke;  fig.  2,658,  exhaust  stroke.  A,  is 
the  admission  valve;  E,  exhaust  valve;  N,  negative  electrode;  P,  positive  electrode  of  igniter. 
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Ques.     What  name  is  given  to  the  four  strokes  of  the 
cycle? 

Ans.     Admission,   compression,  expansion,   and  exhaust. 

Ques.     What  other  names  given  to  the  admission  and 
expansion  strokes? 

Ans.     The  terms  suction  and  power  are  sometimes  used. 

Since  the  four  cycle  engine  represents  the  most  generally  used  gas  engine, 


Figs.  2,650  i-  i^,i.*..v  -  v  ,,^-. ,.  -,..     ,<,  . 
ing  valve  gear  (spring  inlet  valve). 


iLrlicadshow- 


a  consideration  of  its  indicator  diagram  will  aid  in  ascertaining  the  general 
characteristics  of  gas  engine  cycles.  In  the  four  cycle  engine,  the  cycle  of 
the  working  substance,  as  previously  mentioned,  is  completed  in  four 
strokes  according  to  the  following  sequence:  admission  takes  place  during 
the  first  forward  or  suction  stroke,  compression  during  the  following  return 
stroke,  expansion  during  the  second  forward  or  power  stroke,  and  exhaust 
during  the  second  return  or  exhaust  stroke;  in  tabular  form: 

1.  First  stroke  (outward)  admission; 

2.  Second  stroke  (inward)  compression; 
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3.  Third  stroke  (outward)  expansion; 

4.  Fourth  stroke  (inward)  exhaust. 


Fig.  2,666  shows  a  theoretical  diagram  of  a  four  cycle  engine; 
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Fig.  2,666  and  2,667. — Theoretical  indicator  diagram  of  a  four  cycle  gas  engine.  The  assumed 
values  for  temperature,  volume,  and  pressure  are  a  fair  average  of  those  occurring  in  the 
cylinder  under  actual  working  conditions. 


the  assumed  values  for  temperature,  volume,  and  pressure, 
however,  do  not  correspond  to  the  maxima  and  minima  of  such 
as  may  be  derived  from  theoretical  computations,  but  represent 
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values  which  are  a 
fair  average  of  those 
occurring  in  the 
cyHnder  of  a  gas 
engine,  operating 
under  actual  con- 
ditions. 

In  the  diagram, 
the  cycle  begins  at 
A,  with  the  piston  at 
a.  During  admis- 
sion, the  piston 
moves  to  B,  the  con- 
ditions within  -the 
cylinder  during  the 
movement  being  ab. 
This  line  is  drawn 
below  the  line  of  at- 
mospheric pressure, 
because,  due  to  suc- 
tion, the  pressure  in 
the  cyHnder  is  less 
than  that  of  the  at- 
mosphere. At  B,  the 
inlet  valve  closes, 
thus  completing  ad- 
mission. 

The  piston  now  re- 
turned from  B,  to  A, 
compressing  the  pre- 
V  i  o  u  s  1  y  admitted 
charge  into  the  clear- 
ance or  combustion 
chamber ;  the  curved 
line  be,  shows  the 
gradual  increase  in 
pressure,  due  to  com- 
pression, from  about 
a  pound  below  at- 
mospheric pressure 
to  703^  pounds  at 
the  end  of  the  stroke. 
At  this  instant  igni- 
tion of  the  compress- 
ed  charge  takes 
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place,  and  the  pressure 
suddenly  jumps  to  225 
pounds,  corresponding 
to  the  initial  expansion. 

The  piston  again  moves 
outwardfromA,toB,  mak- 
ing the  power  stroke;  the 
products  of  combustion 
expand  with  the  increas- 
ing volume  displaced  by 
the  moving  piston,  and 
the  pressure  gradually 
falls,  as  indicated  by  the 
curved  expansion  line  de. 
As  shown,  thC'  pressure 
falls  from  225  lbs.  to  44.1 
lbs.  at  the  end  of  the 
stroke.  At  this  point  the 
exhaust  opens  and  the 
pressure  suddenly  drops 
to  that  of  the  atmosphere, 
shown  by  the  line  eb'. 

During  the  final  stroke 
of  the  cycle  from  A  to  B, 
the  exhaust  valve  remains 
open  and  the  burnt  gases 
are  expelled  from  the  cyl- 
inder at  approximately 
atmospheric  pressure,  as 
represented  by  the  line 
ba,  thus  completing  the 
cycle. 

Ques.  Could  an 
engine  operate  ac- 
cording to  the  theo- 
retical diagram  of 
fig.  2,666? 

Ans.  No]  the  oper- 
ation of  any  actual  en- 
gine can  only  approach 
the  conditions  indicated 
in   the  diagram,   since 
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it  is  limited  by  mechanical  and  physical  restrictions. 

Oues.     Of  what  use,  then,  is  a  theoretical  diagram? 

Ans.  In  designing  a  gas  engine,  its  probable  performance 
can  be  approximated  by  first  drawing  a  theoretical  diagram 
corresponding  to  the  given  data,  and  then  inscribing,  an  actual 


Fig.  2,670. — 50  horse  power  Otto  engine.  The  construction  of  Otto  engines  was  begun  in 
1867.  It  was  the  first  practically  successful  engine  of  the  four  cycle  compression  type.  At 
the  piesent  time  it  is  built  in  a  large  range  of  sizes.  The  frame  is  of  substantial  pattern  with 
well  lounded  comers  and  a  broad  bearing  on  the  foundations.  The  cylinder  overhangs  the 
frame,  and  in  the  larger  sizes  is  supported  by  a  heavy  cylinder  foot  immediately  in  front  of 
the  valve  gear.  The  engine  is  equipped  with  a  long  connecting  rod  which  serves  to  lessen 
the  vertical  thrust  upon  the  piston,  thus  adding  to  the  tightness  and  durability  of  both  piston 
and  cylinder  by  diminishing  friction  and  consequent  wear. 


working  diagram  by  making  proper  allowances  for  the  various 
losses  that  are  known  by  test  to  take  place  in  engines  of  similar 
type  already  built. 

Oues.  Why  does  the  operation  of  an  actual  engine 
vary  from  the  ideal  performance  represented  by  the  theo- 
retical card,  fig.  2,666? 
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Ans.  In  nature,  nothing  can  take  place  instantaneously,  that 
is,  an  interval  of  time  is  necessary  for  a  physical  change  to  take 
place,  hence  there  can  be  no  vertical  lines  as  cdy  or  eb\  on  a  working 
diagram.  Again,  time  is  required  for  the  opening  of  the  exhaust 
valve,  involving  that  it  begin  to  open  before  the  end  of  the  stroke, 
that  is  before  the  point  e^  is  reached ;  this  gradual  opening  of  the 


/Itncfosphenc 
Line 


-14.7 


Admission  L/ne  - 


hl3.2 


Exhaust  Valve 


\    JAdfhission Valve 
Mixing  Chamber 


-►   Admission 


Figs.  2,671  and  2,672. — Admission  stroke.    The  admission  line  at  ab,  sags  below  the  theoret- 
ical on  account  of  frictional  resistance   "encountered  by  the  incoming  charge. 

valve  is  accompanied  by  a  gradual  instead  of  an  abrupt  reduction 
of  pressure.  Numerous  other  causes  tend  to  produce  variations 
between  the  actual  and  ideal  diagrams. 

The  observation  of  these  variations,  the  determination  of  their  causes, 
together  with  an  assignment  of  their  probable  values,  constitute  a  working 
theory  of  each  particular  machine,  upon  which  designers  may  rely.  Such 
a  theory,  founded  upon  observation  and  experiment,  is  only  to  be  deduced 
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from  long  continued  tests  carried  out  by  many  persons,  with  painstaking 
care,  and  under  all  conceivable  conditions  of  operation.  In  order  to  point 
out  the  numerous  variations  and  their  causes,  it  will  be  well  to  compare 
the  actual  diagram  with  the  theoretical,  by  drawing  the  former  stroke  by 
stroke.  In  this  process,  the  theoretical  diagram  of  fig.  2,666  is  shown  in 
each  figure  in  dotted  lines  for  direct  comparison  and  the  actual  diagram 
which  is  drawn  in  full  lines. 

Admission 

In  fig.  2,672,  the  piston  is  shown   at   B,   having   completed 


Fig.  2,673. — Detail  of  Otto  engine  cylinder,  valve  gear  side.  In  operation,  when  gasoline  is 
used,  it  is  delivered  by  the  gasoline  pump  driven  by  an  eccentric  on  the  side  shaft,  into  the 
stand  pipe  from  which  it  gravitates  to  the  gasoline  valve  A,  which  regulates  the  quantity 
of  gasoline  and  the  time  of  its  admission,  so  as  to  supply  automatically  the  proper  mixture 
of  air  and  gas  according  to  the  requirements  of  the  varying  load.  The  valve  A,  is  operated 
by  the  cam  B,  on  the  side  shaft  C,  the  cam  actuating  a  rocker  shaft  D,  the  lower  arm  of 
which  is  fitted  with  a  long  pin  which  carries  the  gasoline  roller  E.  This  roller  has  a  free 
lateral  movement  which  is  governed  by  the  vertical  arm  of  the  bell  crank  F,  connected 
with  the  governor,  a  very  slight  movement  of  which  is  sufficient  to  place  the  roller  in  or  out 
of  engagement  with  the  cam  on  the  shaft.  The  speed  of  the  engine  is  regulated  by  the 
governor  which  changes  the  position  of  the  gasoline  roller,  so  that  the  fuel  is  admitted  only 
when  the  speed  is  normal  or  slightly  below  it.  The  governor  is  of  the  fly  ball  weighted 
type.  Ignition  is  effected  by  an  electric  spark,  the  igniter  being  operated  by  the  igniter 
lever  G,  actuated  by  the  side  shaft.  The  electrodes  of  the  igniter  are  tipped  with  platinum, 
and  the  current  is  derived  from  a  primary  battery. 

the    admission    stroke;    at    the     beginning    of     admission     the 
pressure  in  the  cylinder  is  that  of  the  atmosphere,    14.7,   and 
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is  assumed  to  drdp  to  13.2  lbs.  at  the  end  of  the  stroke.  This 
is  represented  in  the  theoretical  diagram,  fig.  2,671,  by  the  dotted 
straight  Hne  ab,  and  in  the  actual  diagram  by  the  curved  full  line  ab. 

Oues.  Why  does  the  full  admission  line  ab  of  the  actual 
diagram,  fig.  2,671  curve  or  sag  below  the  dotted  straight 
line  ab? 

Ans.  In  fig.  2,672  while  the  crank  K,  revolving  at  uniform 
speed,  travels  from  4  to  5,  or  through  one-eighth  the  circum-" 
ference  of  the  crank  circle,  the  attached  piston  P,  will  move 


Fig.  2,674. — Detail  of  Otto  engine  cylinder;  sectional  end  view.  As  shown,  the  exhaust 
valve  H,  is  operated  by  the  exhaust  lever  J,  fulcrumed  beneath  the  cylinder,  and  actuated 
by  a  cam  on  the  side  shaft.  The  cylinder,  cy Under  head,  and  exhaust  valve  box  aie  amply 
water  jacketed.  The  piston  and  the  cross  head  pin  are  lubricated  by  means  of  special  oil 
cups  placed  on  the  cylinder  near  the  front  end.  The  crank  pin  is  oiled  by  means  of  a  wiper 
fed  by  a  sight  feed  cup,  and  the  main  bearings  by  ring  oilers  which  dip  into  an  oil  reservoir 
beneath  the  bearing. 


forward  from  A  to  H,  or  through  approximately  one-eighth  of 
its  stroke.  Again,  while  the  crank  passes  from  5  to  6,  a  distance 
also  equal  to  one-eighth  of  the  circumference  of  the  crank  circle, 
the  piston  will  move  from  H  to  I,  about  three-eighths  of  its  stroke. 
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In  other  words,  the  uniform  rotary  motion  of  the  crank  causes  great 
variations  in  the  speed  of  the  piston  at  different  points  of  its  stroke,  the 
speed  of  the  piston  being  more  rapid  while  the  crank  passes  from  5  to  7, 
and  from  9  to  10,  than  while  it  passes  from  10  to  5,  and  7  to  9.  The  move- 
ment of  the  incoming  charge  as  it  flows  from  the  carburetor  through  the 
manifold  and  valve  opening  is  opposed  by  frictional  resistance  which  in- 
creases with  its  speed.  Hence,  the  increasing  speed  of  the  piston  during 
the  first  part  of  the  stroke  causes  an  increase  of  speed  of  the  charge,  this 
in  turn  involves  a  drop  of  pressure  within  the  cylinder  corresponding  to  the 
greater  suction  required  to  overcome  the  excess  frictional  resistance.  Thus, 
it  is  seen  that  the  admission  line  falls  below  the  dotted  line  during  the 
first  part  of  the  stroke,  and  since  in  the  latter  part  of  the  stroke  the  reverse 
conditions  obtain,  the  admission  line  gradually  approaches  the  dotted  line. 

Oues.  What  is  the  significance  of  the  admission  line 
falling  below  the  atmospheric  line? 

Ans.  It  represents  a  loss  of  power,  as  measured  by  the  area 
enclosed  between  these  lines  and  the  stroke  limits.  That  is,  if 
the  atmospheric  pressure  be  in  excess  of  that  in  the  cylinder,,  it 
will  act  in  a  direction  directly  opposed  to  the  movement  of  the 
piston. 

Owes.     In  what  class  of  engine  is  this  loss  a  maximum? 

Ans.  It  is  greater  with  an  automatic  inlet  valve  than  with  a 
mechanically  operated  valve,  because  the  suction  must  be  suffi- 
cient to  overcome  both  the  resistance  of  the  valve  and  that  due 
to  the  flow  of  the  charge. 

Oues.     How  does  this  loss  vary? 

Ans.     It  increases  with  the  speed  of  the  engine. 

Oues.  In  what  other  way  does  this  affect  the  engine 
operation? 

Ans.  It  determines  the  quantity  of  the  mixture  admitted, 
and  has  a  direct  bearing  on  the  compression. 

Oues.  What  point,  in  regard  to  the  admission  line, 
is  sought  in  designing  an  engine? 
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Ans.  It  is  desirable,  at  normal  speeds,  that  it  lie  as  close  as 
possible  to  the  atmospheric  line,  consistent  with  reasonable  pro- 
portions and  arrangement  of  the  mechanical  details. 

Ques.    What  features  of  design  tend  to  accomplish  this? 

Ans.  Short  and  direct  manifold  passages  without  abrupt  or 
tortuous  bends;  proper  location  of  valves  and  adequate  cross 


Fig.  2,675. — Foos  gas  engine,  valve  gear  side.  All  the  working  parts  are  assembled  on  one 
side  of  the  cylinder.  T'-»e  design  is  the  same  for  all  sizes,  the  cylinders  being  bolted  to 
the  beds  by  long  ways  which  project  from  the  sides. 

sectional  area  of  manifold  and  port  opening,  so  that  the  proper 
rate  of  flow  is  obtained  at  normal  speeds. 

Ques,     What  is  the  proper  speed  through  the  manifold 
and  admission  valve? 

Ans.     Not  over  4,000  or  5,000  feet  per  minute. 


GAS  ENGINES 


1,337 


Example — What  area  of  valve  opening  is  required  for  a  5X5  engine 
designed  for  a  normal  speed  of  600  revolutions  per  minute,  and  a  rate  of 
flow  of  the  mixture  through  the  valve  of  4,000  feet  per  minute? 

The  proper  valve  is  found  from  the  following  formula: 
piston    areaX  piston    speed 

4,ooo  ^      ■ 


valve  area  = 


Fig.  2,676. — Foos  gas  engine,  section  view  through  cylinder  and  valve  chambers.  In  the 
figure  it  will  be  noted,  that  the  admission  valve  A,  and  the  exhaust  valve  B,  are  placed  in 
separate  water  jacketed  castings  on  opposite  sides  of  the  cylinder,  and  communicate  by  means 
of  large  ports  with  the  combustion  chamber  C.  These  valves  are  of  the  vertical  poppet 
type,  and  are  positive  in  their  action.  As  the  weight  of  the  valve  acts  in  the  direction  of 
its  motions  it  returns  naturally  to  its  seat  and  maintains  a  tight  contact  even  without  the  aid 
of  a  spring.  Suction  in  the  cylinder  is  not  relied  upon  to  open  the  admission  valve;  it  being 
liften  positively  by  the  lever  D,  and  closed  by  its  own  weight  aided  by  the  action  of  the 
strong  spring  E.  Although  the  valves  are  in  separate  removable  boxes  it  is  not  necessary 
to  detach  these  boxes  in  order  to  remove  the  valves.  The  admission  valve  can  be  taken 
out  by  unscrewing  the  plug  F,  and  the  exhaust  valve  by  removal  of  the  plug  G.  The 
valves  can  be  ground  in  when  necessary  by  the  use  of  an  ordinary  brace  and  bit.  The 
valve  gear  is  operated  through  steel  cams  driven  by  machine  cut  gears;  and  by  adjusting, 
with  a  common  wiench,  the  screws  carried  by  the  lift  lever  D,  any  wear  or  looseness  in  the 
valves  may  be  taken  up.  The  governor  is  of  the  centiifugal  type.  It  regulates  the  supply 
of  fuel  by  cutting  out  the  charges  beyond  those  required  to  maintain  uniform  speed.  The 
igniter  is  of  the  electric  wipe  contact  type,  and  is  located  in  the  admission  chamber  directly 
over  the  admission  valve. 
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In  the  formula,  the  piston  area  is  taken  in  square  inches,  and  the  speed 
in  feet. 

The  area  of  a  5  inch  piston  is 

.7854  D2  =  .7854X52  =  19.64  sq.  ins. 

The  piston  speed  is  equal  to 

2  X  stroke  X  revolutions  per  minute       2  X  5  X  600 


12  12 

Substituting  these  values  in  (1), 

19.64X500 


=  500  ft. 


4,000 


=  2.46  sq.  ins. 


Fig.  2,677. — Detail  of  Foos  gas  engine  cams  and  gears.  A  large  reducing  gear  G,  turned 
by  a  pinion  on  the  ciank  shaft  opeiates  the  igniter  rod  E.  The  two  cams  U  and  V,  on  the 
opposite  end  of  the  gear  shaft  operate  the  inlet  and  exhaust  valve.  Another  cam  secured 
to  the  larger  gear  G,  controls  the  fuel  valve  through  the  lever  C.  The  auxiliary  cam  in 
the  position  indicated  by  K,  is  furnished  on  larger  engines  to  aid  in  starting.  It  holds  the 
exhaust  valve  open  during  enough  of  the  compression  stroke  to  relieve  the  pressure  in  the 
cylinder.     This  cam  is  controlled  by  the  hand  lever  F,  held  in  position  by  the  pin  S. 

Having  calculated  the  area,  the  diameter,  lift,   etc.,   of  the  valve  are 
determined  as  explained  under  carburetters. 

Oues.     What    bearing    has    admission    on    the    power 
developed  by  the  engine? 
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Ans.  The  amount  of  power  developed  depends  upon  the 
amount  of  fuel  mixture  admitted;  the  greater  the  charge,  the 
greater  the  power. 

Oues.  What  condition  tends 
to  diminish  the  amount  of  the 
charge? 

Ans.  Initial  expansion,  that  is, 
the  incoming  mixture  as  it  strikes 
the  walls  of  the  combustion  chamber 
and  cylinder,  absorbs  heat  from  the 
latter  and  expands;  hence,  at  the  end 
of  the  suction  stroke,  there  is  a  less 
amount  of  mixture  in  the  cylinder 
than  would  have  entered  had  the  tem- 
perature remained  constant. 

Fig.  2,678.  —  Olds  valves.  As  shown,  the  valves  are 
vertical.  Both  valves  are  in  cages  and  can  be  re- 
moved from  the  engine  without  changing  the  timing 
of  valves  or  spark.  The  joint  between  the  valve 
cage  and  the  cylinder  is  made  by  a  small  gasket  faced  on  both  sides  with  copper  and  held 
in  a  recess  in  such  a  way  as  to  prevent  the  gasket  blowing  out. 

Owes.     When  does  the  admission  valve  close? 

Fig.  2,679.  —  Olds 
valve  gear.  The 
mechanism  is  loca- 
ted inside  the  frame 
for  protection  from 
dirt  and  dust.  The 
lower  gear  dips  into 
the  oil  bath  in  the 
bottom  of  the  frame. 
The  cam  is  keyed  to 
the  larger  gear  and 
both  cam  and  gear 
are  keyed  together 
on  a  hardened  steel 
pin.  The  cam  roller 
is  lubricated  by  dip- 
ping into  the  oil 
bath  in  the  bottom 
of  the  frame. 

Ans.  In  general,  it  should  begin  to  close  just  before  the  end 
of  stroke,  so  that  it  will  be  shut  when  the  piston  reaches  the  end 


OLDS    L-728 


1,340 


GAS  ENGINES 


of  the  stroke.  With  the  engines  designed  to  run  at  high  speed, 
the  closing  of  the  valve  is  sometimes  delayed  as  much  as  10  or 
15  degrees  past  the  center,  the  theory  being  that  the  momentum 
of  the  rapidly  entering  mixture  will  cause  a  continuance  of  its 
flow  after  the  piston  has  reached  the  end  of  the  stroke,  and  thus 
augment  the  charge. 
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Figs.  2,680  and  2,681. — Compression  stroke.  The  working  conditions  within  the  cylinder 
are  such  that  the  compression  does  not  take  place  according  to  any  law.  There  is  a  marked 
variation  of  the  actual  compression  line  he,  from  the  theoretical  (dotted  line). 


Compression 


At,  or  near  the  end  of  the  charging  stroke  the  admission 
valve  closes  and  the  energy  of  the  fly  wheel  moves  the  crank  from 
position  2  to  1  (fig.  2,681),  which,  in  turn,  pushes  the  piston  from 
B,  to  A,  thus  compressing  the  charge  into  the  clearance  Space. 
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This  results  in  raising  both  the  pressure  and  the  temperature 
of  the  charge.  The  gradual  increase  of  pressure  in  the  cylinder 
due  to  compression  is  indicated  by  the  full  compression  line. 

Oues.  Why  does  the  full  compression  line  fall  below 
the  dotted  line  of  the  theoretical  diagram? 

Ans.  Because  the  compression  is  not  adiabatic;  there  is  a 
loss  of  pressure  due  to  the  absorption  of  heat  by  the  jacket  water, 
and  to  more  or  less  leakage.  ■  ~|  g 

If  the  cylinder  walls  were  made  of  non-conducting  material,  the  charge 
would  be  compressed  adiabatically  and  the  two  lines  would  coincide, 
but  since  the  engine  would  not  continue  to  run  more  than  a  few  minutes 
under  such  conditions,  it  is  apparent  that,  in  actual  practice,  the  charge 
will  be  compressed  in  conformity  with  no  known  law,  hence,  its  temperature 
and  pressure  after  compression  may  be  ascertained  only  by  the  application 
of  some  form  of  approximate  formula  based  upon  data  derived  from  actual 
indicator  diagram. 

Ones.  Why  does  the  actual  compression  line  depart 
from  the  theoretical  more  during  the  latter  part  of  the 
compression  stroke  than  during  the  first  part? 

Ans.  No  heat  is  lost  during  the  first  part  of  the  stroke  because 
the  temperature  of  the  cylinder  wall  is  in  excess  of  that  of  the 
charge,  hence,  the  compression  is  approximately  adiabatic. 
During  the  latter  part  of  the  stroke,  the  temperature  of  the 
charge  is  higher  than  that  of  the  cylinder  walls,  resulting  in 
loss  of  heat  with  a  proportionate  loss  of  pressure;  hence,  the  full 
compression  line  falls  below  the  dotted  line. 

Ones.  Upon  what  two  factors  does  the  final  pressure  of 
compression  largely  depend  ? 

Ans.  Upon  the  initial  pressure  (i.e.,  the  pressure  at  the  be- 
ginning of  the  compression  stroke) ,  and  the  percentage  of  clear- 
ance,  assuming  leakage. 
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Figs.  2,682  to  2,685. — Diagram  illustrating  valve  action  of  Speedwell  (automobile)  rotar>* 
valve  engine.  The  valves,  as  shown,  consist  of  cylindrical  shafts  in  the  head  of  the  engine. 
These  shafts  are  slotted  and  in  rotating,  register  with  ports  in  the  cylinder  walls  thus  per- 
forming their  functions  of  intake  and  exhaust.  The  rotary  valve  movement  is  a 'continuous 
revolution  in  one  direction.  The  diagrams  illustrate  different  positiDns  of  rotary  valves 
at  the  beginning  of  each  of  the  four  cycles.  The  arrows  within  the  cylinders  indicate  the 
direction  of  rotation  of  rotary  valves;  the  arrows  outside  indicate  the  direction  of  live  gas 
passing  in  and  the  exhaust  gas  passing  out. 
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Example, — If  an  engine  have  33  per  cent  clearance  space,  and  the 
charge  be  admitted  at  13  lbs.  absolute  pressure,  and  90°  Fahr.,  what  is  the 
final  pressure  and  temperature  of  compression  under  the  usual  working 
conditions? 

The  accompanying  table  has  been  prepared  for  determining  the  com- 
pression pressure  and  temperatures  which  usually  occur  in  gas  engines. 


Table  of  Pressure  and  Temperature  and  Coefficients 

(Compression) 


G 

P 

T 

G 

P 

T 

3. 

4.407 

146.89 

4. 

6.498 

162.45 

3.05 

4.506 

147.74 

4.1 

6.718 

163.86 

3.1 

4.606 

148.58 

4.2 

6.940 

165.25 

3.15 

4.707 

149.42 

4.3 

7.164 

166.62 

3.2 

4.808 

150.25 

4.4 

7.390 

167.96 

3.25 

4.910 

151.06 

4.5 

7.618 

169.29 

3.3 

5.011 

151.87 

4.6 

7.847 

170.59 

3.35 

5.115 

152.67 

4.7 

8.078 

171.88 

3.4 

5.217 

153.47 

4.8 

8.311 

173.17 

3.45 

5.322 

154.25 

4.9 

8.546 

174.40 

3.5 

5.462 

155.03 

5. 

8.783 

175.64- 

3.55 

5.531 

155.80 

5.1 

9.020 

176.87 

3.6 

5.637 

156.57 

5.2 

9.260 

178.07 

3.65 

5.742 

157.32 

5.3 

9.501 

179.26 

3.7 

5.848 

158.08 

5.4 

9.744 

180.44 

3.75 

5.956 

158.82 

5.5 

9.988 

181.60 

3.8 

6.064 

159.56 

5.6 

10.234 

182.75 

3.85 

6.171 

160.29 

5.8 

10.730 

185.01 

3.9 

6.280 

161.02 

■ 

6. 

11.233 

187.22 

These  pressures  and  temperatures  are  obtained  by  means  of  the  table 
as  follows: 

.    •    •    ^   (1) 


=  intial  temperature  abs.  X-r^    (2) 


Final   compression   pressure  =  initial   pressure  XP 

Final  compression  temperature  = 
In  these  two  formulae: 

P=  pressure  factor  for  the  given  ratio  of  compression  C; 

T  =  temperature  factor, for  the  given  ratio  of  compression  C; 

For  a  clearance  space  of  33^  per  cent  of  the  piston  displacement  the 
compression  ratio,  C,  is: 
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33M 
the  pressure  factor  corresponding  to  C  =  4,  from  table  is  given  as  6.498. 
Substituting  these  values  in  (1) 

Final  compression  pressure  =  13X6.498  =  843^  lbs. 

Similarly,  substituting  in  (2), 

Final  compression  temperature  =  (90 +459.2) X  ^^^^  =  ^^2° 

Ignition. — The  timing  of  the  spark  should  be  varied  to  suit 
the  running  conditions.  In  general,  ignition  should  occur  a 
little  before  the  end  of  the  compression  stroke,  in  order  that  the 
explosion  will  take  place  at  practically  constant  volume,  and 
attain  the  maximum  pressure  at  the  beginning  of  the  stroke; 
early  ignition  is  essential  in  some  instances  to  secure  complete 
combustion  before  the  exhaust  valve  opens. 

The  term  combustion  means  rapid  oxydation,  that  is,  combus- 
tion is  a  union  of  the  elements  which  constitute  the  fuel,  with 
oxygen,  the  phenomenon  being  accompanied  by  an  evolution  of 
heat. 

Owes.     What  are  the  elements  of  a  fuel? 

Ans.     Hydrogen  and  carbon. 

Ques.  Under  what  conditions  of  operation  is  the  maxi- 
mum temperature  reached  that  is  possible  with  a  given 
mixture  and  compression  ? 

Ans.  When  the  spark  is  advanced  sufficiently  that  the  maxi- 
mum temperature  of  combustion  occurs  when  the  piston  is  at 
the  beginning  of  the  stroke  or  dead  center. 

Ques.  How  is  the  necessary  oxygen  for  combustion 
supplied  ? 

Ans,     By  mixing  the  fuel  with  air  which  contains  oxygen. 
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Oues.     How  much  air  is  required  ? 

Ans.  The  most  efficient  proportion  of  air  to  give  perfect 
combustion  depends  on  the  kind  of  fuel  and  conditions  under 
which    combustion    takes    place.     For    automobile    engines,    a 


Fig,  2,687. — Knight  sliding  sleeve  valve  (automobile)  engine.  The  Knight  engine  has  in  place 
of  poppet  valves  two  sliding  telescopic  sleeves\  these  contain  the  ports  and  perform  the  valve 
duties,  being  driven  by  short  connecting  rods  from  the  half  speed  shaft  at  the  side.  In  opera- 
tion, the  right  hand  ports  of  the  sleeves  register  with  each  other  on  the  suction  stroke,  ex- 
posing a  large  opening  through  which  the  charge  of  fuel  mixture  enters.  At  the  beginning 
of  the  compression  stroke,  the  sleeves  slide,  one  up  and  one  down,  thus  closing  the  ports  for 
compression.  All  ports  remain  closed  until  the  end  of  the  power  stroke,  when  the  left  hand 
ports  open  and  register  with  each  other,  leaving  a  large  exit  for  the  exhaust  of  the  burnt 
gases.  The  advantages  claimed  for  this  valve  gear  are  large  port  openings,  and  noiseless 
operation;  the  above  cut  illustrates  the  Columbia  design  of  tne  Knight  engine.  The  moving 
parts  are  lubricated  in  the  usual  way,  the  only  precaution  taken  being  to  insure  an  even  dis- 
tribution of  oil  by  cutting  a  spiral  groove  and  boring  a  number  of  holes  in  each  sleeve.  A 
feature  of  the  lubrication  is  the  automatic  oil  pans  below  the  cranks  which  by  means  of  a 
connection  with  the  throttle  lever  are  raised  as  the  throttle  is  opened,  thus  increasing  the 
amount  of  lubrication  as  the  load  or  speed  is  increased. 


variable  mixture  of  gasoline  vapor  and  air  is  used,  in  proportions 
ranging  between  1  to  6  and  1  to  11,  depending  on  the  immediate 
conditions  of  engine  operation. 
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Owes.  What  effect  has  the  proportion  of  air  on  the 
explosion  pressure  ? 

Ans.  The  explosion  pressure  decreases  in  ratio  with  an  in- 
crease in  the  proportion  of  air. 

Ones.  What  conditions  determine  the  explosion  tem- 
perature of  the  charge? 

Ans.  The  maximum  temperature  depends  on:  1,  the  calorific 
value  of  the  fuel,  2,  the  quality  of  the  mixture-,  3,  the  time  of 
ignition,  4,  the  piston  speed,  5,  degree  of  cooling,  and  6,  amount 
of  leakage. 

Oues.  How  is  the  explosion  temperature  affected  by' 
the  rate  of  combustion  f 

Ans.  The  more  rapid  the  combustion,  the  higher  the  explo- 
sion temperature. 

The  chemical  reaction  due  to  complete  combustion  may  take  place 
gradually,  as  in  slow  combustion,  or  very  rapidly,  as  in  the  case  of  an  ex- 
plosion. Since  the  calorific  value  of  a  fuel  depends  on  its  contained  heat, 
and  is  not  affected  by  the  rate  of  combustion,  high  temperatures  may  be 
attained  with  fuel  of  low  calorific  value  by  causing  the  combustion  to  take 
place  rapidly. 

Ones.  What  are  the  laws  which  govern  the  rate  of 
combustion? 

Ans.  These  laws,  as  determined  experimentally,  are  as  follows : 
1,  in  any  mixture  the  rate  of  combustion  is  constant  for  a^given 
temperature  before  ignition.  2.  The  rate  of  combustion  in- 
creases with  the  increase  of  temperature  of  the  mixture  before 
ignition.  3.  The  rate  of  combustion  varies  with  the  proportion 
of  the  air  and  fuel  components  of  the  mixture. 

It  is  evident  that,  according  to  the  first  two  laws,  the  rate  of  combustion 
of  an  explosive  mixture  may  be  made  to  vary  by  artificial  means;  for  ex- 
ample, by  compression,  thus  making  the  temperature  of  combustion  partly 
dependent  upon  the  cycle  of  the  machine.  This  fact  clearly  demonstrates 
the  value  of  compression  in  its  relation  to  the  thermal  efficiency  of  the 
engine. 
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Fig.  2, 688. — Standard  double  acting  (four  cycle)  marine  engine.  All  the  valves  are  positively 
operated.  In  addition  to  the  usual  water  jacketing  of  the  cylinder,  the  pistons  are  cooled 
by  circulating  water  through  the  cross  head,  up  a  tube  in  the  piston  lod,  and  down  a  return 
circuit  around  the  tube.  The  engine  is  started  by  compressed  air  at  a  pressure  of  250 
pounds  per  sq.  in.,  primarily  pumped  up  into  two  or  more  air  tanks  running  along  the  side  of 
the  engine  room,  by  means  of  small  auxiliary  gasoline  engines  which  not  only  drive  the  air 
compressor,  but  also  the  bilge  pumps,  and  a  small  dynamo  for  lighting  purposes  and  for  charg- 
ing the  storage  batteries.  The  engine  is  arranged  so  as  to  form  two  units  of  three  cylinders 
each,  and  the  three  after  cylinders  only,  are  connected  to  the  compressed  air  tanks;  when  the 
reverse  lever  is  thrown  to  the  first  notch  off  the  center,  either  forward  or  backward,  the  cam 
shaft  is  shifted  to  such  a  position,  that  the  cams  operating  the  compressed  air  valves  on  these 
three  cylinders  will  lift  their  exhaust  valves  once  every  revolution  instead  of  every  other 
revolution.  The  three  forward  cylinders  always  operate  on  gasoline,  the  shifting  of  the 
cam  shaft  having  the  effect  of  governing  the  direction  of  rotation  of  the  engine  only.  With 
the  lever  in  this  position,  the  compressed  air  is  admitted  to  the  three  after  cylinders  and  the 
engine  allowed  to  make  two  or  three  revolutions.  The  lever  is  then  pushed  on  to  the  next 
notch,  cutting  out  the  compressed  air  valves  and  adjusting  the  cam  to  trip  the  valves  in 
the  regular  four  cycle  sequence.  Means  are  also  provided  by  which  all  the  lower  exhaust 
valves  can  be  locked  open,  and  all  the  lower  inlet  valves  can  be  locked  closed,  by  a  single 
motion  of  the  lever,  thus  converting  the  engine  into  a  single  acting  engine  developing  half 
power.  Furthermore,  the  two  units  can  be  unclutched,  so  that  the  three  after  cylinders 
can  be  operated  alone  as  a  three  cylinder  sinigle  acting  unit,  thus  reducing  the  power  developed 
to  one-quarter  the  full  power  of  the  engine. 
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According  to  the  third  law,  the  mixture  may  be  varied  to  suit  the  imrne- 
diate  conditions  of  engine  operation.  Thus,  when  the  engine  is  heavily 
loaded,  a  rich  mixture  may  be  used,  which,  on  account  of  the  prolonged 
combustion,  augments  the  mean  pressure  during  expansion.  Again,^  when 
the  engine  is  running  at  high  speed  but  with  a  light  load,  a  lean  mixture, 
which  burns  faster,  is  used  to  obtain  complete  combustion  at  release. 

Oues.  What  is  the  effect  of  too  little  or  too  much  air? 

Ans.     The  mixture  will  either  explode  imperfectly  or  fail  to 
explode. 


jAdmission  Valve 
fylixirtg.Chamber 


Admission  v^ 

Compression  ^, 

/gnifion,  Explosion,- Bxpans/on. 


Figs.  2,689  and  2,690. — Power  stroke.     The  expansion  line  varies  from  the  theoretical  in  a  sim- 
ilar manner  to  that  of  the  steam  engine.    Pre-release  begins  at  e',  and  continues  to  b\ 


Expansion 

Figs.  2,689  and  2,690  show  the  action  of  the  working  substance 
during  the  power  stroke.  In  the  diagram,  the  position  of  the 
explosion  line  indicates  that  the    spark  in  this  instance  was 
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retarded  to  the  end  of  the  compression  stroke  and  that  the  com- 
bustion was  almost  instantaneous,  the  maximum  pressure  attain- 
ed being  200  lbs.,  corresponding  to  an  initial  expansion 
temperature  of  2,195°  Fahr.  It  should  be  noted  that  the 
theoretical  pressure  is  225  lbs.,  as  shown  by  the  dotted  line. 

Owes.  Why  is  the  actual  pressure  of  combustion  ob- 
tained less  than  the  theoretical? 

Ans.  On  account  of  late  ignition.  A  movement  of  the  piston 
from  A,  to  H,  takes  place  during  the  explosion,  hence,  this  in- 
crease of  volume,  together  with  the  effect  of  the  comparatively 
cool  cylinder  walls,  prevented  the  maximum  pressure  reaching 
the  theoretical  value;  this  is  shown  by  the  curved  portion  of  the 
explosion  line  at  d,  fig.  2,689. 

Oues.  What  takes  place  during  the  greater  portion  of 
the  power  stroke? 

Ans.  When  the  piston  has  reached  the  point  H,  (figs.  2,689 
and  2,690)  corresponding  to  d,  the  products  of  combustion  expand, 
driving  the  piston  forward  toward  B,  at  the  expense  of  its  own 
internal  energy,  the  crank  in  the  meantime  revolving  to  the 
point  3. 

Oues.  How  does  the  working  substance  act  during 
expansion? 

Ans.  If  the  cylinder  walls  were  non-conducting,  the  expan- 
sion would  be  adiabatic,  but  in  actual  practice  a  variety  of  condi- 
tions causes  the  expansion  line  not  only  to  deviate  from  the 
path  of  an  adiabatic  line,  but  also  from  that  of  any  calculated  one. 

Ones.  Why  does  the  actual  expansion  line  fall  below 
the  theoretical,  between  points  k  and  /,  and  above,  between 
points  /and  €\  fig.  2,689? 
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the  latter  part  of  the  expansion  (from  lib  e  ^  fig  2,689)  the  reverse 
conditions  obtain,  that  is,  the  products  of  combustion  absorb 
heat  from  the  cylinder  walls,  resulting  in  an  excess  of  pressure 
above  that  due  to  adiabatic  expansion. 

Pre-release. — In  figure  2,689,  it  will  be  noticed  that  there  is 
a  sudden  drop  of  the  expansion  line  at  e  .     This  is  due  to  the 
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Fig.  2,692.— Indicator  diagram  of  engine  heating  at  constant  temperature.  For  this  condition 
of  operation  the  final  compression  pressure  should  always  be  high  enough  to  raise  the  final 
compression  temperature  up  to  the  ignition  temperature  of  the  charge.  The  nearest  actual 
approach  to  the  cycle  of  an  engine  heating  at  constant  temperature  is  that  of  the  Diesel 
engine.  The  diagram  represents  the  normal  performance  of  a  Diesel  engine  in 
which  the  temperature  of  the  charge  is  raised  to  about  986°  Fahr.,  under  a  compiession  of 
500  pounds.  It  will  be  noted,  that  in  this  case  the  final  compression  temperature  of  986° 
Fahr.,  not  only  represents  the  ignition  temperature  of  the  fuel  used,  but  also  the  constant 
initial  expansion  temperature  of  the  cycle.  Since  the  heating  is  actually  due  to  slow  com- 
bustion rather  than  explosion ,  it  is  quite  doubtful  whether  the  temperature  is  really  constant 
during  the  process. 


opening  of  the  exhaust  valve  before  the  end  of  the  stroke  or  pre- 
release of  the  products  of  combustion  to  exhaust. 


Oues.     Why  does  the  exhaust  valve  open  before  the  end 
of  the  stroke? 

Ans.     That  the  pressure  may  be  reduced  to  a  minimum  at  the 
bee^inning^  of  the  exhaust  stroke 
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Ques.  Why  does  the  pressure  not  fall  abruptly  at  e\  fig. 
2,689? 

Ans.  Because  an  interval  of  time  is  required  for  the  valve  to 
open,  during  which,  a  corresponding  movement  of  the  piston 
takes  place.  The  valve  begins  to  open  at  e\  presenting  at  first 
a  very  small  opening  for  the  exit  of  the  burnt  gases,  this  offers 
considerable  resistance,  which  results  in  a  gradual  fall  of  pressure, 
as  indicated  by  the  line  e'  b\ 


PumpfYessure 
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Fig.  2,693. — Indicator  diagram  of  engine  heating  at  constant  pressure.  Engine  heating  at 
constant  pressure  may  operate  by  burning  a  charge  introduced  into  the  working  cylinder 
under  a  compression  piessure  which  will  maintain  the  rate  ot  inflow  through  the  admission 
nozzle  slightly  greater  than  the  rate  of  inflammation  of  the  mixture,  or  by  burning  a  charge, 
introduced  into  the  working  cylinder  through  a  grating  of  wire  gauze  under  a  compression 
pressure  which  will  supply  a  sufficient  quantity  of  the  charge  to  evolve  enough  heat,  by  slow 
but  continued  combustion,  to  maintain  a  given  constant  pressure  in  the  cylinder  during  a 
part  of  the  stroke  of  the  piston.  The  nearesi,t  actual  approach  to  the  cycle  of  an  engine 
heating  at  constant  pressure  is  that  of  the  Brayton  engine.  In  the  figure  the  charge  is 
admitted  at  a  compression  pressure  of  74  pounds  and  ignited  the  moment  it  passes  through 
the  grating.  The  heat  evolved  by  the  resulting  combustion  raises  the  pressure  until  it  is 
equivalent  to  the  constant  initial  expansion  pressure  required,  and  is  maintained  at  that 
pressure  by  the  continued  admission  of  the  charge  during  one-quarter  ot  the  piston  stroke. 
The  supply  of  mixture  is  then  cut  off,  and  the  expansion  allowed  to  continue  until  the  pressuie 
is  reduced  to  very  nearly  that  of  the  atmosphere  at  the  end  of  the  stroke.  Although  the  cycle 
is  that  of  a  single  acting  engine,  having  one  power  stroke  for  every  revolution  of  the  crank,  or 
two  strokes  of  the  piston,  it  corresponds  more  nearly  to  that  of  a  four  cycle  engine  than  to 
that  of  a  two  cycle  engine.  It  will  be  understood,  of  course,  that  the  compression  line 
represents  the  piessure  conditions  in  the  compression  or  auxiliary  cylinder,  which  is  one-half 
the  size  of  the  working  cylinder.  The  fact,  that  compressing  the  charge  in  an  auxiliary 
cylinder  eliminates  practically  all  the  difficulties  attending  the  act  of  compression  in  the 
woiking  cylinder,  and  also  permits  the  reduction  of  the  final  expansion  pressure  to  very  nearly 
that  of  the  atmosphere  without  regard  to  the  compression  ratio,  indicates  that  cycles 
heating  at  constant  pressure  ought  to  give  more  efficient  engines  than  cycles  heating  at  con- 
stant volume.  The  Brayton  engine,  however,  never  attained  the  success  of  any  of  the  various 
types  of  engine  heating  at  constant  volume  constructed  previous  to  or  since  its  time.  The 
pnncipal  fault  appears  to  have  been  due  to  poorly  or  improperly  designed  valves  which  caused 
an  uneconomical  consumption  of  fuel. 
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Oues.  What  other  causes  prevent  an  abrupt  fall  of 
pressure  at  pre-release? 

Ans.  A  rich  mixture  with  late  ignition,  especially  at  high  speeds. 
Under  these  conditions  combustion  may  not  be  complete  at 
release,  resulting  in  excess  of  pressure  after  the  exhaust  valve 
opens. 


Fig.  2,694. — Typical  indicator  card,  poor  performance.     The  slanting  explosion  line  is  the 
result  of  slow  explosion  due  to  a  poor  mixture. 


Ones.     What  is  the  objection  to  pre-release? 

Ans.     It  involves  a  direct  loss  of  power  as  measured  by  the 
triangular  area  e  e^  f,  fig.  2,696. 


Ques.    What  is  the  objection  to  delaying  the  opening 
of  the  exhaust  valve  till  the  end  of  the  stroke? 


Fig.  2,695. — Typical  indicator  card;  fair  performance.  This  card  represents  the  average 
workng  conditions,  the  engine  developing  a  moderate  amount  of  power  from  a  fairly  strong 
mixture. 
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Ans.     A  similar,  if  not  greater  loss,  would  result  by  excess 
back  pressure  from  6'  to  abotit  g,  fig.  2,696. 

Oues.     What  is  terminal  pressure  ? 

Ans.     The  pressure  that  would  exist  in  the  cylinder  at  the. end 
of  the  stroke,  if  expansion  were  continued  to  this  point. 


Exhaust. — In  figs.  2,696  and  2,697,  which  represent  the  ex- 
haust stroke,  or  completion  of  the  cycle,  the  backward  movement  of 


jAdmission  Valve 
Mixing  Chamber 


->■    tgnition,  £xp/os/on,  Exp  ans/ on. 
—    B(pi//s/on 


Figs.  2,696  and  2,697. — Exhaust  stroke, — During  this  operation,  the  indicator  pencil  will 
trace  a  line  ga  which  will  either  coincide  with,  or  lie  above,  the  atmospheric  line  according 
to  the  following  conditions :  1 .  If  the  exhaust  valve  be  properly  set  and  there  be  no  wire 
drawing  the  pressure  will  be  reduced  to  that  of  the  atmosphere  when  the  piston  reaches 
the  point  G,  on  its  return  stroke,  and  the  exhaust  line  traced  by  the  pencil  will  coincide  with 
the  atmospheric  line.  2.  If  the  exhaust  valve  be  set  so  as  to  release  at  too  high  a  pressure, 
and  there  be  wire  drawing,  the  pencil  will  trace  a  line  which  will  lie  above  the  atmospheric 
line  at  a  distance  corresponding  to  the  resulting  back  pressure. 
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the  piston  from  B,  to  A,  expels  the  burnt  gases  from  all  parts  of 
bhe  cylinder  except  the  clearance.  During  this  operation,  the 
Indicator  pencil  will  trace  a  line  ga,  which  will  lie  more  or  less 
above  the  atmospheric  line,  especially  at  the  beginning  of  the 
stroke. 

Oues.     Why  does  the  exhaust  line  lie  above  the  atmos- 
pheric line  ? 

Ans.     This  is  due  to  the  frictional  resistance  which  the  outlet 
passages  offer  to  the  flow  of  th^  gases    and  in  a  small  measure 


'iG.  2,698. — Typical  indicator  card;  good  performance.  The  nearly  vertical  explosion  line 
with  the  high  peak  coming  almost  to  a  point,  denotes  a  quick  burning  mixture.  The  smooth 
expansion  line  indicates  that  there  was  little  or  no  after  burning  or  continuation  of  the  com- 
bustion as  the  piston  moved  forward. 


:o  the  inertia  of  the  gases ;  a  slight  excess  of  back  pressure  above 
:he  atmospheric  pressure,  then,  is  required  to  force  the  gases 
Dut  of  the  cylinder. 

Oues.  Why  is  the  exhaust  line  higher  at  the  beginning 
jf  the  stroke,  as  between  /and  gr,  fig. 2,696,  than-  at  other 
points  of  the  stroke? 

Ans.  Generally  there  is  not  sufficient  time  during  pre-release 
to  exhaust  the  burnt  gases  to  atmospheric  pressure;  the  pressure 
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gradually  falls  from  f  to  g'  being  sustained  in  part  by  the  inertia 
of  the  gases. 

Owes.  Does  the  movement  of  the  piston  during  the 
exhaust  stroke  fully  expel  the  gases? 

Ans.     No;  only  that  portion  displaced  by  its  movement. 

Oues.  Does  any  part  of  the  gases,  remaining  in  the 
combustion  chamber  at  the  end  of  the  exhaust  stroke, 
escape? 
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Fig.  2,699. — A  simple  form  of  muffler,  which  gives  good  satisfaction  when  well  designed.  It 
consists  of  a  cylinder  and  a  pipe  so  contrived  that  the  pipe,  which  is  drilled  full  of  small  holes, 
will  admit  the  exhaust  at  high  pressure,  and  as  it  is  required  to  pass  through  a  large  number 
of  small  holes,  it  is  split  up  and  then  expanded.  The  gas  passes  to  the  atmosphere  in  ah 
uneven  flow,  at  a  pressure  slightly  above  that  of  the  atmosphere.  This  type  of  muffler 
is  fairly  efficient  when  well  designed. 

Ans.  A  small  percentage  escapes  by  induction,  that  is,  the 
gases  in  the  exhaust  manifold  and  passages  being  in  motion  at 
the  end  of  the  stroke,  tend  to  continue  so  by  virtue  of  their 
momentum,  hence,  a  slight  flow  is  induced  from  the  combustion 
chamber  resulting  in  a  decrease  of  pressure  therein. 

Ones.  What  provision  is  made  to  permit  exhaust  by 
induction  at  the  end  of  the  stroke? 

Ans.  The  exhaust  valve  remains  open  a  few  degrees  past  the 
center,  the  exact  amount  depending,  among  other  things,  upon 
the  speed  of  the  engine. 
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Ques.  What  effect  is  caused  by  the  pressure  of  non- 
combustible  burned  gases  in  the  cylinder? 

Ans.  This  is  a  fertile  source  of  lost  efficiency,  as  is  proved 
by  the  superior  average  performance  of  scavenging  engines,  in 
which  these  gases  are  largely  expelled. 

A  mixture  of  9  to  1,  with  no  burned  gases  present,  gives  a  rise  of  about 
2,373  degrees;  the  same  mixture,  compressed  with  the  burned  gases  of  a 
previous  explosion  in  a  clearance  of  41%  per  cent  of  the  cylinder  volume 
gives  a  rise  of  only  about  1,843  degrees. 


Exhaust  Exit  - 


Fig.  2,700. — Three  chamber  type  of  muffler:  a  high  pressure,  intermediate,  and  low  pressure 
chamber,  so  contrived  that  the  pressure  is  reduced  almost  to  zero  before  the  exhaust  makes 
its  exit  to  the  atmosphere.  The  volume  of  the  high  pressure  chamber  is  equal  to  that  of 
one  of  the.  engine  cylinders;  the  intermediate  chamber  has  twice  the  volume,  and  the  "low 
pressure  chamber  three  times  the  volume  of  the  engine  cylinder.  ♦ 


Oues.    What  feature  of  construction  causes  a  consider- 
able amount  of  back  pressure? 

Ans.     The  muffler;  its  numerous  compartments  and  tortuous 
passages  all  offer  frictional  resistance  to  exhaust. 

A  French  authority  states  that  an  engine  of  8.1  H.  P.,  running  with 
muffler,  gave  6.1  B.  H.  P.  at  967  revolutions  per  minute,  but  with  muffler 
gave  the  same  power  only  on  1,012  revolutions.  He  also  found  for  a 
2.25  I.  H.  P.  an  efficient  output  of  2.16  at  2,015  revolutions  without  muffler, 
and  of  1.91,  at  2,057  revolutions  with  muffler,  claiming  a  loss  of  145  foot 
pounds  per  second. 

These  figures  are  very  typical  for  many  mufflers,  and,  although  possibly 
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reduced  by  some  of  the  more  modern  models,  represent  fairly  well  the 
kind  of  obstacles  obtruded  in  the  way  of  the  highest  mechanical  efficiency 
of  the  average  gas  engine. 

Oues.    What  takes  place  during  exhaust? 

Ans.     A  large  amount  of  heat  and  power  units  are  lost. 

Ques.    Why  cannot  these  losses  be  avoided? 

Ans.     It  is  not  practical  to  expand  the  gas,  after  explosion, 
to  atmospheric  pressure  within  the  cylinder. 

For  instance,  if  the  terminal  pressure  of  expansion  be  45  lbs.  absolute, 
in  order  to  expand  this  to  atmospheric  pressure  would  require 

45-7-14.7  =  3.06  expansions 

To  secure  this  additional  expansion,  an  engine,  of,  say  5  inch  stroke,  and 
40  per  cent  clearance  would  require  an  increase  of  stroke  equal  to 

i  (40  per  cent  of  5) +5  1-  X3.06  =  21.4  ins. 

making  the  total  stroke 

21.4+5  =  26.4  ins. 

It  is  readily  seen  that  such  abnormal  proportions  are  not  practical,  either 
for  working  conditions  or  for  efficiency;  in  the  latter  case,  the  gain  due  to 
the  increased  expansion  would  be  largely  offset  by  the  extra  friction  due 
to  the  long  stroke,  and  other  conditions  causing  loss. 

Ques.    What  are  the  principal  sources  of  loss  in  the 
operation  of  a  gas  engine? 

Ans.     Radiation,  circulating  water,  exhaust,  and  friction. 

Some  idea  of  the  distribution  of  these  losses  is  afforded  by  the  following 
table,  which  shows  the  disposition  of  100  heat  units  absorbed  by  the  working 
substance  of  a  four  cycle  engine. 

Heat  lost  by  radiation  and  conduction , 11 

Heat  lost  to  cylinder  walls 53 

Heat  lost  in  exhaust  gases 14 

Heat  converted  into  mechanical  energy 22 

100 

The  actual  thermal  efficiency  in  this  case  is  22  per  cent.  ' 
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The  accompanying  table  has  been  prepared  for  obtaining  the  usual  pres- 
sures and  temperatures  of  exhaust  corresponding  to  various  degrees  of 
expansion. 

Table  of  Pressure  and   Temperature  CoefRcients 

(Terminal) 


E 

P 

T 

E 

P 

T 

3. 

23.975 

719.22 

4. 

16.494 

659.75 

3.05 

23.464 

715.66 

4.1 

15.973 

654.88 

3.1 

22.973 

712.18 

4.2 

15.480 

650.17 

3.15 

22.5 

708.75 

4.3 

15.014 

645.55 

3.2 

22.045 

705.43 

4.4 

14.572 

641.16 

3.25 

21.605 

702.15 

4.5 

14.152 

636.85 

3.3 

21.180 

698.95 

4.6 

13.745 

632.66 

3.35 

20.770 

695.80 

4.7 

13.374 

628.60 

3.4 

20.374 

692.72 

4.8 

13.013 

624.63 

3.45 

19.991 

689.68 

4.9 

12.669 

620.8 

3.5 

19.621 

686.72 

5. 

12.340 

617.03 

3.55 

19.262 

683.80 

5.1 

12.027 

613.37 

3.6 

18.915 

680.94 

5.2 

11.727 

609.81 

3.65 

18.580 

678.14 

5.3 

11.440 

606.34 

3.7 

18.253 

675.36 

5.4 

11.166 

602.95 

3.75 

17.937 

672.66 

5.5 

10.903 

599.64 

3.8 

17.631 

669.99 

5.6 

10.650 

596.41 

3.85 

17.334 

667.36 

5.8 

10.175 

590.15 

3.9 

17.046 

664.79 

6. 

9.737 

584.19 

To  ascertain  the  exhaust  pressure  corresponding  to  a  given  explosion 
pressure,  and  given  explosion  pressure  is  multiplied  by  the  number  in  the 
column  marked  P,  opposite  the  number  in  the  column  marked  E  corre- 
sponding to  the  given  expansion  ratio,  and  the  product  divided  by  100. 
The  result  is  the  absolute  exhaust  pressure  required. 

Example. — If  the  explosion  pressure  be  225  lbs.,  and  the  expansion 
ratio  3.8,  what  is  the  possible  exhaust  pressure? 

Applying  the  rule  to  the  table 

Probable  exhaust  pressure  =  (225  +  14.7)  X  17.631  =42.3  lbs.  absolute 

100 
or  42.3  —  14.7  =  27.6  lbs.  gauge  pressure. 

To  ascertain  the  exhaust  temperature  corresponding  to  a  given  explosion 
temperature,  the  given  explosion  temperature  is  multiplied  by  the  number 
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in  the  column  marked  T,  opposite  the  number  in  the  column  marked  E, 
corresponding  to  the  given  expansion  ratio,  and  the  product  divided  by 
1,000. 

Example, — If  the  explosion  temperature  be  2,300°  Fahr.,  and  the  ratio 
of  explosion  3.8,  what  is  the  probable  exhaust  temperature  applying  the 
rule  to  the  table? 

Probable  exhaust  temperature =(2, 300 +459.2)  X 669.99 =1,848.5  absolute 
or  1,848.5-459.2  =  1,389.3°  Fahr. 


GOVERNOR - 


Fig.  2,703. — Sectional  view  of  National  horizontal  tandem  four  cycle  double  acting  engine 
showing  mixing,  inlet,  and  exhaust  valves,  valve  gear  and  governor. 


Oues.  What  is  understood  by  the  term  ''exhaust  tem- 
perature" as  here  used? 

Ans.  The  temperature  of  the  gases  at  the  terminal  pressure. 
The  temperature,  of  course,  decreases  as  the  gases  expand  to 
the  lower  pressure  of  the  exhaust  stroke. 
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Efficiency. — The  theoretical  thermal  efficiency  of  an  engine 
depends  upon  the  temperature  range,  that  is,  the  difference 
between  the  initial  and  final  temperature  of  the  working  sub- 
stance. 

If  the  temperature  range  be  increased,  either  by  raising  its  upper  limit 
or  by  decreasing  its  lower  Hmit,  or  by  the  combined  increase  of  the  one 
and  decrease  of  the  other,  the  result  will  be  an  increase  in  the  amount  of 
heat  available  for  conversion  into  mechanical  energy,  and  consequently 
an  increase  of  thermal  efficiency  of  the  engine. 


Figs.  2,704  and  2.705. — End  and  longitudinal  sectional  views  of  Bauroth  horizontal  fpur  cycle 
engine.  The  parts  are:  1,  air  plug;  2,  gasoline  feed  pipe;  3,  carburettor;  4,  gasoline  over- 
flow; 5,  needle  valve;  6,  exhaust  relief  screw;  7,  exhaust  relief  lever;  8,  inlet  valve;  9,  gas  inlet; 
10,  gasoline  lift  pump;  11,  adjusting  screw;  12,  exhaust  relief  rod;  13,  governor  hit  and  miss 
lever;  14,  governor  pawl;  15,  speed  regulating  spring;  16,  governor  aam;  17,  governor  cam 
lever;  18,  secondary  gears;  19,  exhaust  lever;  20,  exhaust  box;  21,  post  for  wire;  22,  stationary 
electrode;  23,  igniter  pawl;  24,  igniter  rod;  25,  igniter  control  lever;  26,  stationary  electrode; 
27,  movable  electrode;  28,  igniter  trip  pawl. 


Oues.     Define  the  theoretical  thermal  efficiency. 

Ans.     It  is  the  difference  of  the  initial  and  final  temperatures 
divided  by  the  initial  temperature,  that  is, 
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theoretical  thermal  efficiency  = — (1)  in  which 

T'  =  initial  temperature  absolute 
T"  =  final  temperature  absolute 

Example, — What  is  the  theoretical  thermal  efficiency  of  a  gas  engine 
in  which  the  initial  temperature  is  2,800°  and  the  final  temperature  80° 
Fahr.? 


Fig.  2,708. — Sectional  end  view  through  valves  of  Otto  four  cycle  engine.  In  operation,  the 
charge  enters  the  cylinder  through  two  separate  ports,  controlled  by  hand  operated  throttles, 
and  the  inlet  valve  poppet  A.  The  poppet  B,  mounted  flexibly  on  the  valve  stem  C,  controls 
the  admission  of  the  gas  in  relation  to  the  air  inlet.  The  inlet  cam  H,  acting  upon  the 
lever  G,  upon  which  the  steel  shoe  F,  is  mounted,  opens  the  inlet  valve  A,  in  a  positive  manner 
by  means  of  the  push  rod  E,  and  the  valve  lever  D.  The  exhaust  gases  are  expelled  through 
the  poppet  valve  I-K,  which  is  lifted  and  timed  by  the  lever  L,  and  the  exhaust  cam  M.  A 
powerful  centrifugal  governor,  driven  by  spiral  gears  from  the  cam  shaft,  regulates  the  volume 
of  the  charge  admitted  to  the  cylinder  in  accordance  with  the  variations  in  the  load  carried 
by  the  engine.  To  accomplish  this,  the  lift  of  the  inlet  valve  A,  is  decreased  or  increased 
when  the  pivot  pin  N,  is  raised  or  lowered  by  the  governor,  thus  causing  the  lower  end  of  the 
push  rod  E,  to  be  moved  by  means  of  lever  O,  and  rod  P,  closer  to  or  farther  away  from  the 
fulcrum  of  the  lever  G.  It  will  be  readily  understood  that  as  there  is  always  a  slight  amount 
of  play  between  the  end  of  the  rod  E,  and  the  steel  shoe  F,  the  work  performed  by  the  governor 
in  swinging  the  rod  E,  is  very  light  and  reduces  the  stress  and  wear  on  the  governor  parts 
to  a  minimum.  A  dash  pot  consisting  of  a  cylinder  and  piston,  oil  cushioned,  and  connected 
to  the  governor  lever,  steadies  the  operation  of  the  governor  and  prevents  sudden  variations 
of  speed  under  fluctuating  loads.     S,  represents  the  igniter. 
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In  the  case  of  the  gas  engine,  the  initial  temperature  means  the  ex- 
plosion temperature,  and  the  final  temperature,  that  of  the  exhaust. 
Reducing  the  given  values  to  the  absolute  scale.. 


T'  =2,800+459.2  =  3,259.2° 
T"=      80+459.2=    539.2° 


substituting  in  (1) 


Theoretical  thermal  efficiency  X  ^>259.2     539.2  ^  ^^  ^^^  ^^^^ 

Owes.     What  may  be  said  of  the  actual  thermal  effi- 
ciency of  a  gas  engine? 


Fig.  2,707. — Top  view  of  Fay  and  Bowen  two  cycle  marine  engine. 

Ans.  For  gasoline  engines,  in  general,  the  actual  thermal 
efficiency  ranges  from  almost  10  to  20  per  cent. 

The  large  margin  between  the  theoretical  and  actual  thermal  efficiency 
of  a  gas  engine  is  accounted  for  in  heat  balance  given  in  the  preceding 
table;  the  various  losses  indicated  in  the  table. should  be  carefully  noted. 

Two  Cycle  Engines. — This  type  of  gas  engine  is  used  chiefly 
for  small  powers,  especially  for  marine  service.  The  essential 
difference  between  it  and  the  four  cycle  type  is  that  the  four 
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operations  of  admission,  compression,  impulse,  and  exhaust, 
comprising  the  working  C3^cle,  are  performed  in  one  revolution 
instead  of  two.  There  is  then,  one  impulse  for  each  revolution. 
From  this,  it  follows  that  the  weight  is  much  less  than  that 
required  for  the  four  cycle  engine.  The  necessary  mechanical 
features  for  two  cycle  operation  are: 

1 .     An  enclosed  crank  case  fitted  with  a  valve  arranged  to  open 
and  admit  fuel  gas  at  the  front,  instead  of  at  the  rear  of  the 


Fig.  2,708. — The  two  cycle  engine:  first  stroke.  The  inward  stroke  of  the  piston  induces  a 
charge  of  the  mixture  at  A  into  the  crank  case  B,  and  compresses  the  previously  admitted 
charge  into  the  cylinder  D;  the  subsequent  ignition  takes  place  at  E. 


piston,  on  the  inward,  instead  of  the  outward  stroke,  as  in  the 
four  part  cycle. 

2.  Inlet  and  exhaust  ports  located  at  points  near  the  extreme 
outward  position  of  the  piston,  so  as  to  be  uncovered  during  the 
outward  stroke. 

3.  A  by  pass  tube  connecting  the  interior  of  the  cylinder  with 
the  crank  case,  so  as  to  admit  fuel  gas  at  the  proper  point  in  the 
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Oues.  In  the  operation  of  a  two  cycle  engine,  what 
occurs  during  the  first  stroke? 

Ans.  The  piston  moves  inward  and  draws  in  a  charge  of  the 
explosive  mixture  into  the  enclosed  crank  case.  During  the 
operation  the  charge  previously  admitted  to  the  cylinder  is 
compressed  and  ignited  as  the  piston  nears  the  end  of  the  stroke 
as  in  fig.  2,708. 


Fig.  2,709. — The  two  cycle  engine:  first  part  of  second  stroke.  The  outward  stroke  of  the 
piston  uncovers  the  exhaust  port,  thus  releasing  the  burnt  gases  in  the  cylinder,  and  simul- 
taneously compressing  the  previously  admitted  charge  in  the  crank  case. 


Oues.     What  occurs  during  the  second  stroke? 

Ans.  The  pressure  caused  by  the  explosion  of  the  charge 
drives  the  piston  outward,  and  slightly  compresses  the  mixture 
drawn  into  the  crank  case  during  the  previous  stroke  as  in  fig. 
2,709.  Near  the  end  of  the  stroke  the  piston  uncovers  the  ex- 
haust port  and  the  burnt  gases  are  exhausted.  During  the 
remainder  of  the  stroke  the  piston  uncovers  the  admission 
port,  as  in  fig.  2,710,  and  the  new  charge,  previously  compressed 
in  the  crank  case,  is  admitted  to  the  cylinder,  being  deflected 
upward  to  the  head  end  of  the  cylinder  by  a  screen  or  "deflector 
plate"  set  in  the  end  of  the  piston. 
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The  "inrush"  of  the  new  charge  helps  materially  to  clear  the  cylinder 
of  the  burnt  gases  from  the  previous  charge.  The  object  of  the  deflector 
plate  is  to  prevent  the  entering  charge  passing  out  through  the  exhaust 
in  place  of  the  burnt  gases. 

Oues.     Which  type  of  engine  is  the  more  economical  ? 

Ans.     The  four  cycle  engine. 

Oues.     Why? 

Ans.     With  the  cycle  extended  to  four  strokes,  there  is  more 
time  for  admission  and  exhaust;  since  these  events  take  place 


Fig.  2,710. — The  two  cycle  engine:  end  of  the  second  or  outward  stroke.  The  gases  compressed 
in  the  crank  case  are  admitted  to  the  cylinder  space,  D  through  the  open  inlet  port,  and 
sometimes  past  the  screen  or  deflector,  C.  The  passage  between  the  cylinder  and  the  crank 
case  is  controlled  by  a  butterfly  valve,  which  here,  is  shown  open. 


at  separate  intervals,  no  chance  is  given  for  any  of  the  charge 
to  escape  past  the  exhaust  valve  while  open.  Owing  to  simul- 
taneous admission  and  exhaust  in  the  two  cycle  engine,  pre- 
release of  the  burnt  gases  must  take  place  earlier  than  in  the 
four  cycle  engine,  resulting  in  a  loss  of  power  which  is  avoided 
in  the  latter.  The  inefficiency  of  admission  and  exhaust  of  the 
two  cycle  engine  becomes  more  marked  at  high  speeds. 
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The  successful  operation  of  the  two  cycle  engine  at  high  speeds  will 
depend  on  adequate  provision  for  rapid  exhaust.  A  prominent  gas  engine 
authority  remarks: 

"The  two  cycle  engine,  at  best,  is  the  next  thing  to  an  impossibility." 
By  this  statement,  he  means  that  the  act  of  admitting  inflammable  fuel 
mixture  into  the  cylinder,  already  filled  with  flaming  gas,  without  igniting 
it,  involves  something  closely  approaching  a  contradiction  in  physical 
conditions. 

Were  it  not  for  the  fact  that  the  burning  gases  actually  exhaust  faster 
than  the  new  mixture  is  admitted  under  impulse  of  their  inherent  ex- 
pansion, the  ignition  of  the  new  charge  would  seem  to  be  nearly  inevitable. 


Figs.  2,711  and-2,712. — Sectional  views  of  Palmer  two  cycle  engine  showing  difference  between 
the  tuo  port  and  three  port  types.  Fig.  2,711,  two  port  engine;  fig,  2,712,  three  port  engine. 
In  the  three  port  engine  when  the  piston  is  at  top  of  stroke  a  vacuum  is  created  in  base  (see 
fig.  2,712).  Inlet  port,  marked  gas  and  air,  is  opened,  allowing  a  charge  to  enter  crank 
case.  When  piston  starts  down,  this  port  is  closed.  The  mixture  of  gas  and  air  in  crank  case  C, 
is  then  compressed  by  the  downward  motion  of  piston.  Transfer  point  A,  is  opened,  allowing 
gas  and  air  which  has  been  mixed  in  crank  case  to  pass  into  cylinder.  On  the  downward 
or  explosion  stroke  the  exhaust  port  opens  slightly  before  transfer  port  and  the  exhaust  or 
burned  gases  are  passing  out  as  a  fresh  charge  is  coming  in  through  transfer  port.  To 
prevent  this  incoming  charge  passing  across  piston  and  into  exhaust  port  a  baffle  plate  D, 
is  placed  on  top  of  piston  which  deflects  a  charge  of  incoming  gas  to  top  of  cylinder.  Piston 
comes  up  again  closing  exhaust  port  and  transfer  port  and  mixture  is  exploded.  In  the  two 
port  type,  fig.  2,711,  a  check  valve  is  used  in  place  of  the  third  port  as  shown. 

By  deflecting  the  incoming  mixture  to  the  rear  end  of  the  cylinder,  it 
follows  the  rapidly  expanding  exhaust,  coming  into  contact  with  it  only 
when  the  expansion  has  so  far  reduced  the  temperature  that  the  danger  of 
pre-ignition  is  averted. 
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Oues.     For  what  service  is  the  two  cycle  engine  exten- 
sively used  ? 

Ans.     For  marine  use,  especially  to  propel  boats  of  small  size. 
Oues.    Why  is  this? 

Ans.     On  account  of  its  light  weight,  simplicity,  and  small 
space,  as  well  as  low  cost  of  construction. 


Fig.  2,713. — Fay  and  Bowen  3H  horse  power,  single 
cylinder,  two  cycle  marine  engine;  port  side.  Reverse 
quadrant  omitted  to  show  base  with  coupling  and 
thrust  bearing. 

Horse  Power  of  Gas  Engines. — The  term  horse  power,  cor- 
rectly used  is  absolute,  meaning  one  and  only  one  thing,  but 
in  connection  with  the  automobiles  and  motor  boats  it  has 
been  so  loosely  used  that  its  utility  has  largely  been  lost. 

Oues.  What  is  generally  understood  by  the  term  horse 
power  in  speaking  of  gas  engines? 

Ans.     The   brake   horse   power. 
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Oues.    What  is  brake  horse  power? 

Ans.  The  actual  horse  power  delivered  by  the  engine;  the 
word  brake  is  applied  because  the  power  is  determined  by  a  brake 
test  as  shown  in  fig.  2,714. 

Oues.  Can  the  brake  horse  power  be  approximated 
from  the  indicated  horse  power? 

Ans.     Yes,  by  making  suitable  allowance  for  friction. 


Fig.  2,714. — Prony  brake  for  determining  brake  horse  power.  It  consists  of  a  friction  band 
ring  which  may  be  placed  around  a  pulley  or  fly  wheel,  and  attached  to  a  le  '■er  bearing 
upon  the  platform  of  a  weighing  scale  in  such  a  manner  that  the  friction  between  the  sur- 
faces in  contact  will  tend  to  rotate  the  arm  in  the  direction  in  which  the  shaft  revolves. 
This  thrust  is  resisted  and  measured  in  pounds  by  the  scale.  In  setting  up  the  brake  the 
distance  between  the  center  of  the  shaft  and  point  of  contact  (knife  edge)  with  the  scales 
must  be  accurately  measured,  the  knife  edge  being  placed  at  the  same  elevation  as  the  center 
of  the  shaft..  An  internal  channel  permits  the  circulation  of  water  around  the  interior  of 
the  rim  as  shown,  to  prevent  overheating. 

Oues.  How  much  allowance  should  be  made  for  fric- 
tion? 

Ans.  The  mechanical  efficiency  varies  greatly,  depending 
upon  the  design,  workmanship,  and  type  of  engine,  although  no 
general  rule  can  be  given,  yet  in  well  designed  automobile  engines 
which  are  operated  near  the  speed  at  which  they  are  designed 
to  give  the  best  results,  the  mechanical  efficiency  may  be  taken 
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as  varying  between  80  and  90%.  Below  80  is  not  good;  90  or 
above  is  exceptionally  good,  and  tor  engines  of  automobile  type, 
from  15  H.P.,  upward,  the  efficiency  can  be  assumed  as  about 

85%. 

Example, — If  the  indicated  horse  power  of  an  engine  be  58.8,  what  is 
the  calculated  brake  horse  power  for  a  mechanical  efficiency  of  85  per  cent? 

In  this  case,  15  per  cent  of  the  power  developed  in  thecylinder  was  spent 
in  overcoming  friction,  hence,  the  actual  power  developed  at  the  shaft  is 

58.8X.85  =  50H.  P. 

Racing  Boat  Formulae. — 

D'N 

.  American  Power  Boat  Association,   horse    power  = 


2.5338 

D2LN 


For  ensfines  of  less  than  6  ins.  stroke,  horse  power  = 

15.20 

in  which 

D2  =  square  of  piston  diameter  in  inches ; 

L  =  stroke  in  inches ; 

R  =  revolutions  per  minute ; 

N  =  number  of  cylinders.  0 

These  formulas  ar.e  for  high  speed  racing  boat  engines  of  the  four  cycle 
type,  and  are  based  on  1,000  feet  piston  speed  per  minute. 

For  engines  of  ordinary  design,  about  %  of  the  above  values  should  be 
taken.  10  per  cent  should  be  added  to  the  ratings  if  the  charge  is  forced 
into  the  cylinders  by  any  mechanical  device. 

Two  Cycle  Horse  Power  Formulae. — The  American  Power 
Boat  Association  gives  the  following  for  two  cycle  engines: 

D2  N 
horse  power  =  o  1008 
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Jiorse  power  = 


12.987 


These  formulae  are  only  for  racing  boat  engines.  For  ordinary  two  cycle 
engines  about  %  of  the  value  obtained  in  the  above  should  be  taken. 

For  engines  having  one  or  more  displacer  cylinders,  the  above  rating 
should  be  increased  in  the  ratio  that  the  displacer  piston's  displacement 
bears  to  that  of  the  working  cylinders. 

It  will  be  noticed  that  a  2  cycle  engine  having  double  the  number  of 
power  strokes  of  a  four  cycle,  the  H.  P.  would  be  multiplied  by  2.  This, 
however,  would  give  an  erroneous  result,  as  there  are  many  inherent  con- 
ditions connected  with  2  cycle  engine  design  which  tend  to  lower  its  H.  P. 
output,  such  as  the  lower  compression,  lower  M.  E.  P.,  due  to  inefficient 
scavenging,  etc.     For  these  reasons  the  output  of  a  2  cycle  engine  varies 

more  than  it  does  in  4  cycle  en- 
gines, and  is  very  often  taken  as 
approximately  1.65  of  that  of  a 
four  cycle  engine  of  the  same 
bore  and  stroke.  It  must  be  un- 
derstood, however,  that  there 
are  cases  where  2  cycle  engines 
have  shown  better  results,  but 
only  average  results  are  con- 
sidered. 


Figs.  2,71.5  to  2,717. — Fay  and  Bowen,  3H  horse  power, 
two  cycle  marine  engine  main  casting  and  cylinder 
head.  Both  cylinder  frame  and  bed  plate  form  one 
casting.  As  shown,  the  driving  shaft  of  the  guide 
passes  up  through  the  main  cast- 
ing. Where  it  passes  through  the 
water  jacket,  this  ignitor  shaft  is 
cased  in  a  water  tight  tube.  The 
bevel  pinion  at  the  lower  end  of 
the  ignitor  shaft  meshes  into  a 
bevel  gear  attached  to  the  crank 
shaft.  The  cylinder  head  has  a 
hole  near  the  center.  This  is  where 
the  igniter  plug  is  inserted: 
This  plug  is  "ground  in,"  and  held 
in  place  by  nuts  on  the  four 
studs.  If  it  should  be  desirable  at 
any  tmie  to  examme  the  cylmder  without  removing  the  cylinder  head,  this  can  be  done  by  taking 
out  the  igniter  plug,  as  the  hole  is  large  enough  to  expose  to  view  a  large  part  of  the  interior. 

Parts  of  a  Gas  Engine. — A  gas  engine  is  composed  of  sta- 
tionary and  moving  parts;  the  stationary  parts  are:  1,  the  cylin- 
der, and  2,  crank  case;  the  moving  parts  are:  1,  the  piston,  2, 
connecting  rod,  3,  shaft,  4,  fly  wheel  and  5,  valve  gear. 

Oues.     Describe  the  cylinder  ? 

Ans.     The  cylinder  is  open  at  the  end  toward  the  crank  and 
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as  varying  between  80  and  90%.  Below  80  is  not  good;  90  or 
above  is  exceptionally  good,  and  tor  engines  of  automobile  type, 
from  15  H.P.,  upward,  the  efficiency  can  be  assumed  as  about 
85%. 

Example. — If  the  indicated  horse  power  of  an  engine  be  58.8,  what  is 
the  calculated  brake  horse  power  for  a  mechanical  efficiency  of  85  per  cent? 

In  this  case,  15  per  cent  of  the  power  developed  in  the-cyUnder  was  spent 
in  overcoming  friction,  hence,  the  actual  power  developed  at  the  shaft  is 

58.8X.85  =  50H.  P. 

Racing  Boat  Formulae. — 

D'N 

.  American  Power  Boat  Association,   horse   power  = 


2.5338 
D2LN 


For  ensfines  of  less  than  6  ins.  stroke,  horse  power  = 

15.20 

in  which 

D2  =  square  of  piston  diameter  in  inches ; 

L  =  stroke  in  inches ; 

R  =  revolutions  per  minute ; 

N  =  number  of  cylinders.  0 

These  formulae  ar.e  for  high  speed  racing  boat  engines  of  the  four  cycle 
type,  and  are  based  on  1,000  feet  piston  speed  per  minute. 

For  engines  of  ordinary  design,  about  %  of  the  above  values  should  be 
taken.  10  per  cent  should  be  added  to  the  ratings  if  the  charge  is  forced 
into  the  cylinders  by  any  mechanical  device. 

Two  Cycle  Horse  Power  Formulae. — The  American  Power 
Boat  Association  gives  the  following  for  two  cycle  engines : 

D2N 

horse  power  =  oTnos' 


GAS  ENGINES 


1,373 


horse  power  = 


12.987 


These  formulae  are  only  for  racing  boat  engines.  For  ordinary  two  cycle 
engines  about  %  of  the  value  obtained  in  the  above  should  be  taken. 

For  engines  having  one  or  more  displacer  cylinders,  the  above  rating 
should  be  increased  in  the  ratio  that  the  displacer  piston's  displacement 
bears  to  that  of  the  working  cylinders. 

It  will  be  noticed  that  a  2  cycle  engine  having  double  the  number  of 
power  strokes  of  a  four  cycle,  the  H.  P.  would  be  multiplied  by  2.  This, 
however,  would  give  an  erroneous  result,  as  there  are  many  inherent  con- 
ditions connected  with  2  cycle  engine  design  which  tend  to  lower  its  H.  P. 
output,  such  as  the  lower  compression,  lower  M.  E.  P.,  due  to  inefficient 
scavenging,  etc.     For  these  reasons  the  output  of  a  2  cycle  engine  varies 

more  than  it  does  in  4  cycle  en- 
gines, and  is  very  often  taken  as 
approximately  1.65  of  that  of  a 
four  cycle  engine  of  the  same 
bore  and  stroke.  It  must  be  un- 
derstood, however,  that  there 
are  cases  where  2  cycle  engines 
have  shown  better  results,  but 
only  average  results  are  con- 
sidered. 


Figs.  2,715  to  2,717. — Fay  and  Bowen,  3  ^  horse  power, 
two  cycle  marine  engine  main  casting  and  cylinder 
head.  Both  cylinder  frame  and  bed  plate  form  one 
casting.  As  shown,  the  driving  shaft  of  the  guide 
passes  up  through  the  main  cast- 
ing. Where  it  passes  through  the 
water  jacket,  this  ignitor  shaft  is 
cased  in  a  water  tight  tube.  The 
i  bevel  pinion  at  the  lower  end  of 
[the  ignitor  shaft  meshes  into  a 
[bevel  gear  attached  to  the  crank 
I  shaft.  The  cylinder  head  has  a 
'  hole  near  the  center.  This  is  where 
the  igniter  plug  is  inserted: 
This  plug  is  "ground  in,"  and  held 
in  place  by  nuts  on  the  four 
studs.  If  it  should  be  desirable  at 
any  time  to  examine  the  cylinder  without  removing  the  cylinder  head,  this  can  be  done  by  taking 
out  the  igniter  plug,  as  the  hole  is  large  enough  to  expose  to  view  a  large  part  of  the  interior. 

Parts  of  a  Gas  Engine. — A  gas  engine  is  composed  of  sta- 
tionary and  moving  parts ;  the  stationary  parts  are :  1 ,  the  cylin- 
der, and  2,  crank  case;  the  moving  parts  are:  1,  the  piston,  2, 
connecting  rod,  3,  shaft,  4,  fly  wheel  and  5,  valve  gear. 

Oues.     Describe  the  cylinder? 

Ans.     The  cylinder  is  open  at  the  end  toward  the  crank  and 
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closed  at  the  opposite  end  save  for  inlet  and  exhaust  ports,  which 
are  opened  and  closed  by  valves.  The  cylinder  is  surrounded 
by  an  annular  space  of  jacket  through  which  cooling  water 
circulates. 

Oues.     What  is  the  combustion  chamber? 

Ans.     This  corresponds  to  the  clearance  space  in  a  steam  engine 
cylinder,  but  its  object  is  to  provide  a  small  space  into  which 


Fig.  2,718 — Plan  of  Fay  and  Bowen  two  cycle  engine.  In  construction,  the  smaller  gear  A, 
•  is  attached  to  the  ignitor  shaft,  and  turns  with  it.  The  gear  drives  a  larger  gear  B,  the  teeth 
of  which  show  around  and  below  the  cam  C.  In  operation,  as  the  ignitor  shaft  turns, 
this  larger  gear  B,  turns  the  cam  C.  The  cam  C,  pushes  back-  the  plunger  D,  and  as  the 
plunger  D,  slips  off  the  point  of  the  cam  C,  its  other  end  or  hammer  E,  strikes  the  rnovable 
electrode  F,  breaking  the  electric  current,  and  producing  a  spark.  In  the  line  drawing,  the 
relation  of  the  electrodes  and  sparking  points  inside  of  the  firing  chamber  is  indicated  by 
dotted  lines,  the  spring  H,  brings  the  movable  electrode  F,  to  its  place  again,  when  the  plunger 
D,  backs  off  for  the  stroke. 


each  charge  of  the  fuel  mixture  may  be  compressed  to  consider- 
able pressure  on  the  compression  stroke  of  the  piston,  and  then 
ignited.  Together  with  the  volume  displaced  by  the  piston, 
it  forms  the  total  content  of  the  cylinder  as  measured  when  the 
piston  has  reached  the  end  of  the  outward  stroke. 
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Oues.  What 
other  name  is 
given  to  the  com- 
bustion  cham- 
ber? 

Ans.  It  is  some- 
times  called  the 
clearance,  as  it  is 
the  space  which  is 
not  displaced  by 
the  piston  on  its 
inward  stroke. 

Oues.  What 
does  the  size  of 
the  combustion 
chamber  deter- 
mine? 

Ans.  The  degree 
of  compression ;  the 
smaller  the  cham- 
ber in  proportion  to 
the  piston  displace- 
ment, the  higher 
the  pressure  to 
which  the  mixture 
is  compressed. 

Oues.  How  is 
the  cylinder  sup- 
ported? 

Ans.  By  the 
crank   case,    which 
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is  a  closed  box-like  structure  made  up  of  an  intermediate  piece 
to  which  the  cylinder  is  attached,  and  a  lower  piece  which  re- 
tains the  oil. 

Oues.     Describe  the  piston. 

Ans.  It  consists  of  a  cylindrical  box  of  proper  size  to  slide 
back  and  forth  in  the  cylinder  bore,  and  is  of  the  type  known  as 
*' trunk  piston." 

EXHAUST  VALVE  5PRINS     j  [ 

EXHAUST  LEVER 


SPARK  CO>JTACT  SPRING" 
GOVERNOR  SWING  CATCH 
EXHAUST  CAM  ROLLEP" 
SPEEDER   SPRING 
SPcLEDER  SPRING  TENSION   SCREW 


CRANKSHAFT 
SPIRAL  GEAR 


COMMUTATOR  ^^«^  CAM  ^-^      '"^"^  •  ^^  s^RAL  GE^R " 

Figs.  2,720  to  2,724. — Governor  and  valve  mechanism  of  Domestic,  type  F,  engine. 

This  form  of  piston  performs  the  duties  of  both  piston  and  cross  head. 
The  piston  is  single  acting,  that  is,  it  is  acted  upon  by  the  power  on  one 
face  only.  To  prevent  leakage,  several  grooves  are  cut  in  its  circumference 
to  receive  packing  rings ,  the  type  generally  used  being  known  as  *  *  snap  rings . ' ' 

Oues.  How  is  the  piston  attached  to  the  connecting 
rod? 

Ans.  The  upper  end  of  the  connecting  rod  is  pivoted  to  a 
* 'wrist  pin,"  which  is  inserted  in  the  piston  through  a  hole  bored 
through  its  central  diameter.  The  wrist  pin  is  retained  in 
place  by  two  set  screws. 

Ones.  Describe  the  construction  of  the  piston  packing 
rings. 
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Ans.  They  are  made  from  a  pipe  shaped  casting,  which  is 
turned  in  a  lathe  to  an  outer  diameter  slightly  larger  than  the 
cylinder.  The  inner  circuraference  is  then  turned  from  another 
center,  and  the  ring  cut  off  and  split  at  the  thinnest  section. 
Enough  metal  is  removed  at  the  split  section  so  that  the  ring 
may  be  slightly  compressed  and  again  turned  externally  to  the 
diameter  of  the  cylinder  while  compressed.  The  latter  operation 
causes  the  ring  to  bear  evenly  against  the  cylinder  walls,  thus 
making  a  tight  joint. 

Although  formed  of  a  brittle  substance,  piston  rings  have  considerable 
elasticity,  being  capable  of  opening  sufficiently  to  be  slid  over  the  outer 
diameter  of  the  piston,  and  to  "snap"  back  into  the  grooves. 

Oues.  What  is  the  use  and  construction  of  the  con- 
necting rod  ? 

Ans.  It  transforms  the  to  and  fro  motion  of  the  piston 
into  rotary  motion  and  transmits  the  thrust  or  power  impulse 
of  the  piston  to  the  shaft.  The  connecting  rod  is  usually  of 
rectangular  or  I  shaped  construction,  and  has  an  adjustable 
bearing  at  each  end.  One  end  is  pivoted  to  the  piston  by  the 
wrist  pin,  and  the  other  end  to  the  shaft  by  the  crank  pin. 

Oues.    Describe  the  crank  shaft. 

Ans.  This. is  formed  from  a  soHd  steel  forging,  and  consists 
of  a  central  cylindrical  piece,  from  which  radiate  one  or  more 
center  cranks,  corresponding  to  the  number  of  connecting  rods, 
The  order  of  cranks  depends  upon  the  type  of  the  engine. 

Oues.  What  kind  of  valves  are  used  on  a  four  cycle 
engine? 

Ans.  Poppet  or  mushroom  valves.  These  consist  of  metal 
discs  beveled  around  one  face,  so  as  to  fit  into  a  countersink  in 
the  port;  they  are  carried  upon  spindles. 
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The  automatic  inlet  valve,  operated  by  suction  of  the  piston  against  the 
tension  of  a  spiral  spring,  has  been  extensively  used,  but  has  been  largely 
replaced  by  the  positive  type.  The  reasons  for  this  change  are:  1,  that  the 
automatic  valve  often  sticks  with  gummed  oil  on  its  seat;  2,  that  the  spring 
tension  may  vary,  thus  changing  the  fuel  pressure  in  the  cylinder;  3,  that  it 
is  noisy ;  4,  that  its  operation  on  high  speed  engines  is  unreHable.  As  against 
these  defects,  the  positive  inlet  valve  possesses  the  advantages  of  opening 
and  closing  as  desired  without  noise  or  sticking,  and  of  giving  the  same 


Fig.  2,727. — -Du  Bois  governor.  In  operation,  when  the  engine  reaches  a  speed  above 
normal  the  governor  forces  a  latch  down  into  an  adjustable  stop  collar,  which  holds  the 
exhaust  valve  open,  and  immediately  shuts  off  all  fuel  supply,  allowing  the  gas  and  exhaust 
valves  to  remain  idle  and  the  piston  to  travel  in  the  cylinder  without  compressing  idle  charges 
of  air.  The  engine  has  two  exhausts:  main,  and  auxiliary.  The  auxiliary  exhaust  is  an 
opening  called  a  port  on  the  lower  left  side  of  the  cylinder.  This  opening  or  port  is  not 
uncovered  until  the  charge  drawn  into  the  cylinder  has  expended  its  force  in  power  and  the 
piston  has  completed  its  expansion  or  working  stroke.  When  the  auxiliary  exhaust  port  is 
uncovered,  a  large  part  of  the  exploded  gases  escape  to  the  mufHer,  the  remaining  dead  gases 
being  scavenged  through  the  main  exhaust  valve. 


amount  of  opening  at  both  high  and  low  speeds, 
always  operated  mechanically. 


The  exhaust  valve  is 


Oues.     Describe  the  valve  gear. 

Ans.     The  valve  stem  is  made  of  sufficient  length  to  extend 
down  into  the  crank  case;  it  enters  through  a  bushing  which 
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serves  as  a  guide.  Attached  to  the  end  of  the  stem  is  a  roller 
bearing,  which  rides  on  a  cam  attached  to  the  cam  shaft.  The 
latter  is  geared  to  the  crank  shaft  in  such  proportion  that  it 
makes  one  revolution  to  every  two  of  the  crank  shaft.  By  means 
of  a  spring,  the  roller  bearing  is  held  in  contact  with  the  cam. 


Pig.  2,728. — Foos  hit  or  miss  governor.  In  operation,  at  normal  speed,  the  blade  A,  on  the 
fuel  lever  B,  operated  by  a  cam  on  the  gear  wheel  C,  strikes  the  notched  finger  D,  on  the 
end  of  the  push  rod  E,  causing  the  fuel  valve  to  open  and  admit  a  charge  into  the  cylinder 
at  each  revolution  of  the  cam.  As  the  speed  increases,  the  governor  balls  F,  move  out- 
ward, causing  the  spool  G,  to  push  against  the  roller  H,  carried  on  the  upper  end  of  the 
governor  lever  K.  This  action  causes  the  lower  end  of  the  lever  to  move  inward  and 
push  the  notched  finger  D,  out  of  its  normal  position,  so  that  the  fuel  lever  blade  A,  fails  to 
hit  it,  and  thus  allows  the  fuel  valve  to  remain  closed.  The  fuel  supply  being  thus  cut  off, 
the  speed  decreases  and  the  governor  balls  return  to  their  original  position,  releasing  the 
pressure  on  the  lower  end  of  the  governor  lever  and  allowing  the  notched  finger  D,  to  resume 
its  regular  position  under  the  pressure  of  a  spring.  It  will  be  understood  in  this  connection, 
that  centrifugal  fly  ball  governors  operating  on  the  hit  or  miss  principle  may  be  attached 
horizontally  to  a  transverse  secondary  shaft  as  in  the  foregoing  case,  or  they  may  be  placed 
vertically  at  the  side  of  the  cylinder  and  receive  their  motion  from  a  longitudinal  secondary 
shaft  through  the  medium  of  bevel  gearing. 
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Oues.    Are  two  cam  shafts  necessary? 

Ans.     The  valves  may  be  operated  from  a  single  cam  shaft 
when  they  are  located  on  one  side  of  the  cylinder;  when  the 

valves  are  on  opposite  sides, 
two  cam  shafts  are  needed. 
Ques.  What  is  nec- 
essary for  the  operation 
of  a  gas  engine? 

Ans.  The  fuel,  ignition, 
cooling,  and  lubrication  sys- 
tems. 


A  defect  in  any  of  these  will 
affect  the  operation  of  the 
engine,  hence  it  is  desirable  to 
clearly  understand  the  prin- 
ciples involved  in  the  working 
of  these  several  systems,  as 
later  explained. 


Fig.  2,729. — Gilson  hit  or  miss  governor. 
In  operation,  if  the  speed  increase 
above  normal,  the  governor  balls  fly 
outward,  and  collar  21, 
slides  outward  on  the  shaft, 
pulling  lever  19,  with  it,  and 
causing  the  knife  on  the 
other  end  to  catch  under 
the  projection  of  the  push 
arm  15.  The  exhaust  valve 
is  thus  _held  open,  so  that 
no  vacuum  can  form  in  the 
cylinder  on  the  suction 
stroke.  The  auto- 
BALLS  matic  inlet  valve 
which  depends  on 
suction  for  its  oper- 
ation, does  not  open,  and  as 
no  explosion  takes  place  the 
speed  slackens  to  normal, 
and  the  governor  balls  and 
finger  returns  to  their  orig- 
inal position,  the  engine 
resuming  operation.  To 
test  governor,  turn  engine 
over  until  the  cam  20,  has 
pushed  the  push  rod  15,  to  its  furthest  position  as  shown.  Now  push  the  governor  lever 
19,  at  A,  in  against  the  push  rod  as  shown.  The  knife  of  the  governor  lever  must  pa.ss  the 
projecting  plate  freely,  leaving  a  clearance  of  about  one-sixteenth  of  an  inch  between  them 
at  E.  If  the  clearance  between  these  points  be  insufficient  the  engine  will  lun  unsteady 
and  may  possibly  stop.  To  give  the  proper  clearance,  remove  the  governor  lever  19,  and 
grind  off  from  the  point  of  knife  C,  enough  to  give  it  the  proper  clearance. 
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Carburettors. — A  carburettor  is  a  vessel  in  which  the  gasoline 
is  vaporized  and  mixed  with  air,  prior  to  its  introduction  into  the 
power  cylinder,  and  the  highest  fuel  efficiency  is  obtained  from 
the  use  of  such  devices  as  those  which  will  completely  saturate 
the  air  with  gasoline  vapor. 


Fig.  2,730. — ^A  rudimentar5%'or  simple  form  of  spray  carburetter  illustrating  the  principles  of 
operation  employed  in  the  modern  device.  A,  is  the  receiving  chamber;  B,  the  mixing  cham- 
ber. A  connecting  passage  conveys  fuel  to  the  spray  nozzle  C,  controlled  by  the  needle 
valve  D,  by  turning  the  thumb  wheel  E.  Air  enters  through  the  primary  passage  in  the 
base  and  through  the  auxiliary  ports  F,  the  latter  being  adjustable  by  the  sleeve  G,  and  the 
mixture  to  the  engine,  controlled  by  a  throttle  located  above  the  sleeve. 
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The  operation  of  a  carburettor  may  be  clearly  explained  by 
considering  the  simplest  form,  or  what  may  be  called  a  rudimen- 
tary carburettor  having  a  sprayer  and  means  of  regulating  the 
mixture  by  hand  as  shown  in  fig.  2,730. 

The  drawing  illustrates  a  receiving  chamber  A,  and  a  mixing 
chamber  B,  the  two  being  connected  by  a  small  passageway  or 
duct  which  terminates  at  the  sprayer  C,  made  adjustable  by  the 
needle  valve  D.  The  lower  end  of  the  mixing  chamber  B,  is 
open  to  the  atmosphere,  while  the  upper  end  is  provided  with 
auxiliary  air  ports  F,  having  a  collar  or  sleeve  G,  with  which  to 
adjust  the  opening  of  the  ports  to  the  atmosphere. 

In  explaining  the  action  of  this  rudimentary  carburettor,  it  is  necessary 
to  assume  the  receiving  chamber  A,  to  be  filled  with  gasoline  to  a  level  MN, 
very  near  the  elevation  of  the  spray  nozzle,  and  also  to  assume  the  supply 
replenished  as  it  is  used  so  that  the  fluid  level  MN,  is  maintained. 

Now,  suppose  the  upper  end  of  the  mixing  chamber  to  be  connected 
with  an  engine  as  indicated.  Each  intake  stroke  of  the  engine  will  displace  a 
volume  of  air,  causing  a  partial  vacuum  in  the  mixing  chamber  B;  the 
intensity  of  the  vacuum,  as  will  be  seen,  depending  on  the  engine  speed. 

Assuming  the  engine  to  be  working  at  slow  speed  with  a  heavy  load  and 
the  auxiliary  ports  F,  closed  by  the  sleeve  G,  the  gasoline  supply  maybe 
adjusted  by  the  needle  valve  E,  so  that  the  engine  will  receive  from  the 
carburettor  a  mixture  of  the  proper  proportion  of  gasoline  vapor  and  air.* 

If  now  part  of  the  load  on  the  engine  be  removed  so  that  it  will  run 
say  twice  as  fast,  the  same  amount  of  air  and  gasoline  for  each  charge 
must  be  received  by  the  engine  in  one-half  the  time.  Under  these  conditions 
the  mixture  would  become  too  rich,  that  is,  too  much  gasoline  would  be 
fed  for  the  amount  of  air  passing  through  the  inlet  at  the  lower  end  of  the 
mixing  chamber.  The  excess  of  gasoline  is  due  to  the  fact  that  in  order 
to  get  twice  the  amount  of  air  through  the  inlet  the  suction  has  to  be  more 
than  doubled  to  compensate  for  the  increased  frictional  resistance  set  up 
by  the  higher  velocity  of  the  air  passing  through  the  inlet.  The  suction, 
or  degree  of  vacuum  in  the  carburettor,  being  more  than  doubled,  it  natur- 
ally follows  that  more  than  double  the  amount  of  gasoline  will  pass  through 
the  spray  nozzle.  This  excess  of  vacuum  is  caused  by  the  expansion  of  the 
air  in  entering  the  carburettor,  increasing  its  velocity  after  expansion 
more  than  two  fold. 

*NOTE. — ^The  fuel  charge  for  a  gasoline  engine  consists  of  about  ten  to  sixteen  parts  air 
to  one  of  gasoline  vapor.  The  proportion  varies  according  to  the  conditions  of  the  atmosphere, 
quality  of  gasoline  and  conditions  of  operation. 
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In  order  to  maintain  the  mixture  in  the  same  proportions  for  varying 
demands,  it  is  necessary  to  provide  some  means  to  keep  the  suction  or  degree 
of  vacuum  in  the  mixing  chamber  constant.  The  suction  may  be  restored 
to  its  normal  condition  by  shghtly  raising  the  sleeve  G,  so  as  to  partially 
open  the  auxiliary  air  ports  F.  This  allows  some  air  to  enter  through  the 
auxiliary  ports,  thus  reducing  the  velocity  of  the  entering  air  and  relieving 
somewhat  the  suction  at  the  lower  inlet.  The  amount  of  opening  of  the 
auxiliary  air  ports  necessary  for  any  change  of  engine  speed  may  be  found 
by  experiment. 

By  placing  a  throttle  valve  in  the  passage  B,  between  the  auxiliary  ports 
and  the  engine  the  load  may  be  altered  without  any  variation  in  the  engine 
speed  by  adjusting  the  throttle  opening. 


Figs.  2,731  and  2,732. — Two  types  of  float  feed.  A  "float  feed"  device  consists  of  a  cork 
or  hollow  metal  float  placed  in  the  float  chamber.  It  is  connected  so  as  to  operate  the 
gasoline  inlet  valve,  usually  by  means  of  levers.  These  are  arranged  in  such  a  manner 
that,  as  gasoline  enters  the  float  chamber  through  the  inlet  valve,  the  float  rises,  and  in  so 
doing,  closes  the  valve,  thus  shutting  off  the  supply  when  the  gasoline  reaches  the  desired 
level.  Fig.  2,731  shows  a  simple  direct  acting  float  feed  having  no  levers.  As  shown,  the 
float  is  concentric  to  the  inlet  valve.  Fig.  2,732  shows  a  type  of  float  feed  in  which  the 
fuel  supply  is  made  adjustable  by  the  use  of  a  variable  counterweight  P.  More  modern 
float  feed  mechanisms  are  shown  in  the  cuts  following. 

In  actual  construction,  automatic  devices  are  employed  to  maintain  the 
gasoline  in  the  float  chamber*  at  constant  level  and  to  adjust  the  auxiliary 
port  openings  to  different  engine  speeds.     Carburettors  of  this  type  are 


*NOTE. — In  discussing  the  modern  carburettor,  the  term  float  chamber  is  used  instead  of 
receiving  chamber  as  it  is  generally  known  by  that  name,  since  a  float  is  almost  always  used  to 
regulate  the  flow  of  gasoline  into  the  chamber. 
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adapted  to  the  requirements  of  variable  speed  engines,  as  auto,  and  marine 
engines;  for  stationary  service  an  auxiliary  air  valve  is  not  necessary. 

The  Mixture. — For  stationary  engines  which  operate  at 
unvarying  speed,  the  carburettor  may  supply  the  mixture  of  gas 
and  air  in  constant  proportions.     With  the  automobile  engine, 


Fig.  2,733. — The  mixing  chamber  with  its  appendages,  illustrating,  in  general,  the  arrange- 
ment of  parts,  the  primary  and  auxiliary  air  passages;  auxiliary  valve,  spring  and  adjustment; 
the  spray  nozzle  with  needle  valve  and  the  throttle  valve.  The  arrows  indicate  the  direction 
of  the  entering  air  currents  and  course  of  mixture.  In  construction,  the  spray  nozzle  A 
is  located  in  the  cent  A*.  The  adjustable  needle  valve  E  regulates  the  flow  of  gasoline  to  the 
nozzle.  The  mixing  chamber  is  open  to  the  atmosphere  at  its  lower  end  D,  through  which 
the  primary  or  main  air  supply  enters.  A  secondary  or  auxiliary  air  supply  is  admitted 
through  the  opening  to  the  right,  being  controlled  by  the  valve  B,  which  is  automatic  in  its 
action.  The  lift  of  this  valve  may  be  varied  to  meet  different  requirements  by  the  adjust- 
able threaded  spindle.  In  operation,  the  pressure  in  the  mixing  chamber  is  lower  than 
that  of  the  atmosphere;  the  degree  of  vacuum  depends  on  the  amount  of  throttle  opening, 
the  engine  speed,  and  the  amount  of  opening  for  the  primary  and  secondary  air  supply.  The 
gasoline,  as  it  is  sucked  out  of  the  nozzle,  made  up  as  it  is  of  hydrocarbons  of  different  values 
from  the  point  of  view  of  weight  and  volatility,  will  hold  to  the  globular  form  with  more 
or  less  tenacity,  depending  upon  conditions.  That  part  of  the  liquid  which  vaporizes  does 
so  through  the  abstraction  of  heat  from  the  remainder,  which  becomes  constantly  colder. 
Accordingly,  it  is  desirable  that  there  be  provision  for  supplying  heat  to  the  mixture,  or 
preferably  to  the  liquid  before  it  enters  the  mixing  chamber. 

however,   the  conditions  are  quite  different,   and  it  has  been 
determined  from  experience  and  numerous  experiments  that  a 
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constant  mixture  is  not  advisable  from  either  the  standpoint  of 
fuel  economy  or  best  operation.  Inasmuch  as  ignition  conditions 
vary  with  the  speed  of  the  engine  and  the  compression  values 
vary  similarly  with  the  throttle  opening,  it  follows  that  the 
mixture  necessary  for  maximum  power  at  any  given  speed  differs 
in  accordance  with  the  immediate  conditions  of  combustion. 

V     At  low  speeds  the  mixture  should  be  richer  than  at  high.     This  is  due 
to  the  fact  that  at  low  speeds  more  heat  is  lost  to  the  cylinder  walls,  more 


Fig.  2,734. — A  jacketed  mixing  chamber;  a.  usual  but  objectionable  method  of  heating.  The 
mixing  chamber  as  shown,  is  surrounded  by  a  jacket  P,  for  heating  the  mixture.  This  is 
accomplished  either  by  connection  with  the  cooling  water,  or  exhaust  from  the  engine. 
During  the  summer  season,  when  the  atmospheric  temperature  is  high,  the  heating  arrange- 
ment may  be  dispensed  with.  While  this  method  usually  improves  the  engine  operation 
it  reduces  its  power,  because  with  heated  primary  air,  the  engine  cannot  take  in  a  full  charge. 
The  better  way  is  to  heat  the  gasoline  before  it  enters  the  mixing  chamber,  either  by,  1, 
jacketing  the  float  chamber,  as  in  fig.  2,735,  or  2,  by  the  use  of  a  superheater  as  in  fig.  2,736. 

compression  is  lost  by  leakage,  and  the  combustion  can  therefore  be  slower, 
thus  sustaining  the  pressure.  At  high  speeds  the  compression  is  higher, 
due  to  less  leakage  and  less  loss  of  heat.  Therefore,  unless  the  mixture 
be  leaner  at  high  speed  there  might  be  danger  of  pre-ignition.  * 


*NOTE. — The  prefix  "pre"  before  ignition  means  that  the  fuel  charge  is  ignited  before  the 
time  of  the  spark  and  has  no  connection  with  the  stroke  or  crank  position  as  distinguished  from 
its  usage  when  speaking  of  steam  engines;  for  example,  pre-admission  means  that  steam  is 
admitted  to  the  cylinder  before  the  beginning  of  the  stroke. 
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A  lean  and  highly  compressed  charge  also  burns  faster  and  hence  gives 
better  pressures  and  fuel  economy  than  a  richer  one. 

The  quantity  of  mixture  that  an  engine  will  take  varies  greatly  with 
the  speed. 

At  slow  speeds  the  volume  at  approximately  carburetter  pressure  is  ap- 
proximately equal  to  the  cubic  content  of  the  cylinders  multiplied  by  the 
number  of  power  strokes. 
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Fig.  2,735.^ — R.  O.  C.  carburetter  with  jacketed  float  chamber.  In  this  carburetter  (model  D), 
the  fuel  is  heated  directly  in  the  float  chamber  before  it  reaches  the  spraying  nozzle,  by 
passing  some  exhaust  gas  through  the  annular  chamber  A.  When  the  fuel  is  drawn  from 
the  nozzle  at  B,  it  is  met  by  several  fine  air  jets,  passing  through  the  control  tube  C,  and  the 
perforations  D,  which  break  the  fuel  up  into  a  fine  spray,  which,  due  to  the  heat  that  it  con- 
tains, immediately  flies  into  a  vapor  while  mixing  with  the  air  entering  through  the  annular 
port  E.  The  peculiar  construction  of  the  port  E,  gives  it  the  venturi  tube  principle, 
the  lower  half  of  the  tube  being  practically  turned  over.  The  fuel  level  in  this  carburetter 
may  be  raised  or  lowered  at  will,  by  turning  the  knurled  nuts  F,  without  interfering  with 
the  action  of  the  carburetter  while  the  engine  is  running,  and  thus  the  proper  level  is  easily 
obtained.  The  outer  jacket  can  be  removed  by  taking  off  the  nut  G,  or  the  float  chamber 
drained  by  removing  the  plug  H,  or  the  active  inner  mechanism  can  be  exposed  while  in 
position  by  unscrewing  the  float  chamber,  which  is  merely  a  drawn  brass  shell  as  all  con- 
nections are  part  of  the  cover.  The  tension  of  the  auxiliary  valve  spring  is  adjusted  by 
turning  the  wing  nut  I,  without  interfering  with  the  action  of  the  valve.  The  needle  valve 
adjustment  is  made  by  turning  the  air  tube  C,  by  means  of  its  knurled  head  J,  and  it  is  held 
in  any  position  by  tightening  the  knurled  jam  nut  K.  An  interesting  feature  is  that  all 
adjustments,  including  the  removal  of  the  float  chamber,  are  made  without  even  the  use  of 
a  screw  driver.  Model  A  differs  from  the  illustration  simply  by  the  absence  of  the  jacket 
surrounding  the  float  chamber. 
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At  high  speeds  of  one  thousand  revolutions  and  over  the  quantity  may- 
drop  to  less  than  one-half  the  theoretical  amount,  depending  on  the  design 
of  the  valves,  inlet  piping  and  carburetter  passages.  This  peculiarity 
reacts  upon  the  compression,  and  hence  on  the  mixture  desired. 

The  design  and  class  of  ignition  used  have  also  a  marked  influence. 
Poorer  mixtures  can  be  used,  as  the  spark  is  hotter,  the  throttle  can  be 
more  nearly  closed,  resulting  in  increased  engine  capacity  and  fuel  economy. 

Carburetter   Troubles. — Preliminary   to   hunting   for   car- 
buretter troubles,  it  should  be  ascertained  that  there  is  some 


Fig.  2,736. — R.  O.  C.  superheater.  It  is  connected  in 
feed  line  between  carburetter  and  tank.  The 
superheater  heats  the  fuel  in  the  liquid  form  before  it 
is  fed  to  the  carburetter,  but  it  is  not  vaporized  until 
it  is  sprayed  into  the  mixing  chamber.  It  then  evapo- 
rates of  its  own  heat  for  the  same  reason  that  water 
blown  off  from  a  steam  boiler  evaporates.  The 
superheater  can  be  attached  to  any  carburetter  or 
mixing  valve  by  connecting  it  between  the  gasoline  supply  and  the  carburetter,  as  here  shown, 
and  leading  a  three-eighths  inch  pipe  from  the  exhaust  to  the  superheater.  The  exhaust 
leader,  or  flexible  pipe  shown  in  part  should  be  tapped  into  the  exhaust  pipe  as  close  to  the 
engine  as  possible,  and  the  exhaust  outlet  from  the  bottom  of  the  superheater  may  be  run 
anywhere  to  the  atmosphere. 

gasoline  in  the  tank,  and  that  the  valve  on  the  pipe  leading  from 
same  is  open. 

The  carburetter  is  too  often  blamed  for  faulty  engine  per- 
formance, which  should  be  attributed  to  defects  in  the  ignition 
system.  Such  symptoms  as  fouled  plugs,  black  smoke  in  the 
exhaust,  etc.,  point  at  once  to  the  carburetter,  but  in  cases 
where  such  obvious  signs  are  wanting,  the  ignition  system  should 
first  be  thoroughly  examined. 
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The  following  carburetter  troubles  are  frequently  encountered ; 
they  are  for  the  most  part  due  to  inattention  or  carelessness, 
rather  than  to  defective  mechanism. 

■  No  Flow  of  Gasoline. — Sometimes  little,  if  any,  gasoline 
will  flow  to  the  nozzle  even  when  the  carburetter  is  flooded  in 
the  usual  manner.     A  quantity  of  dirt  sufficient  to  stop  the 


FiG.  2.737. — The  Stromberg  Carburetter.  The  principal  features  of  this  carburetter  are:  a 
glass  float  chamber,  concentric  float,  venturi  shaped  mixing  chamber,  adjustable  primary- 
air  inlet,  and  a  two  spring  adjustment  for  the  auxiliary  valve.  In  operation  the  gasoline 
supply  is  controlled  by  the  float  F,  through  levers  J  and  J',  the  latter  pivoted  at  P,  and 
connected  to  needle  valve  N.  The  float  is  adjustable  by  the  spring  I,  and  nut  N  A,  secured 
in  position  by  the  plunger  L  P.  Primary  air  enters  at  A,  and  is  regulated  by  the  adjustable 
cup.  B,  secured  by  the  plunger  B'.  The  drip  cock  C,  drains  the  float  chamber.  The  mix- 
ture from  the  venturi  tube  V,  receives  supplementary  air  through  the  auxiliary  valve  N, 
thence  it  passes  to  engine  through  throttle  X.  The  auxiliary  valve  is  controlled  by  two 
springs  S  and  S',  the  lower  one  acts  on  moderate  speeds  and  the  upper  one  on  high  speeds. 
The  springs  have  adjusting  nuts  and  self  locking  devices  Z  and  Z\ 
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located  by  heating  the  float  and  passing  a  Hghted  match  over  the 
surface,  which  will  ignite  the  issuing  vapor. 

To  repair,  the  hole  is  enlarged  with  an  awl,  the  float  drained,  and  soldered. 

Leaking    Tank. — Tanks    are    liable    to    leak    through    the 
opening  of  the  seams  by  jarring  or  vibration. 

Galvanized  iron  tanks,  such  as  are  furnished  on  some  machines,  should 
be  discarded  when  a  leak  results  from  rust,  as  it  is  practically  no  use  to 
solder  it.     A  heavy  gauge  copper  tank  should  be  substituted. 
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Figs.  2.740  to  2,746. — Several  designs  of  throttle  valves  are  here  shown  partially  opened,  where 
the  effects  of  separation  and  deflection  of  the  liquid  globules  are  illustrated  for  each  case.  It 
will  be  seen  that  all  these  throttles  act  as  separators  when  not  fully  open.  The  first  four  throw 
the  liquid  upon  the  walls  unevenly.  The  last  one  shown  to  the  right,  while  better  distributing 
the  liquid  over  the  walls,  is  like  the  rest,  an  energetic  separator.  Throttles  like  the  one  shown 
in  fig.  2,  743  are  rarely  found  in  later  designs.  Probably  all  who  have  had  any  experience 
with  this  type  remember  that  a  drain  cock  is  inserted  at  X. 

The  supply  pipe  should  be  made  flexible  by  a  loop  to  avoid  strains  due 
to  vibration.  All  soldered  connections  should  be  inspected  from  time  to 
time. 

Loss  of  Buoyancy. — A  cork  float  sometimes  loses  its  buoy- 
ancy by  becoming  saturated  with  gasoline. 

It  should  be  removed  and  thoroughly  dried  by  placing  the 
float  in  a  warm  place;  after  drying,  a  coat  of  shellac  should  be 
applied. 


Impure  Gasoline. — Many  carburetter  troubles  would  be 
avoided  if  more  care  were  taken  to  free  gasoline  of  all  dirt 
before  its  entrance  into  the  tank. 
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When  filling  the  tank,  a  strainer  funnel  should  be  used.  A  piece  of 
chamois  skin  makes  an  excellent  filter;  if  a  wire  gauze  be  used  it  should  have 
a  very  fine  mesh.  In  the  absence  of  a  strainer  funnel,  three  or  four  layers 
of  fine  linen  fitted  inside  an  ordinary  funnel  may  be  used.  The  same 
funnel  should  never  be  used  for  both  gasoline  and  water. 

Stale  Gasoline. — When  a  car  is  not  used  for  some  time  the 
gasoline  in  the  float  chamber  loses  its  strength. 

If  the  engine  should  not  start,  the  tank  valve  should  be  closed,  and  the 
carburetter  drained  through  the  pet  cock,  which  is  usually  provided  in  the 


Figs.  2,747  to  2,751. — -A  few  examples  of  carburetter  design,  showing  courses  followed  by  the  fuel 
after  leaving  the  nozzle,  for  different  arrangements  of  parts  and  passages.  The  heavy  arrowed 
line  leading  from  the  nozzle  X  indicates  the  course  taken  by  the  mixture  as  influenced  by  the 
design.  These  diagrams  are  self  explanatory,  and  show  that  liquid  globules  are  precipitated 
against  some  portions  of  the  mixing  chamber  wall  almost  immediately  after  leaving  the 
nozzle.  This  tends  to  disturb  the  homogeneity  of  the  mixture,  and  requires  that  provision 
be  made  for  correcting  this  effect  in  the  remaining  portions  of  the  passage. 

bottom  of  the  chamber  for  this  purpose.  When  empty,  the  pet  cock  should 
be  closed  and  the  tank  valve  opened,  not  forgetting  to  give  the  float 
chamber  time  to  fill  before  trying  to   start   the  engine. 

Low  Grade  Gasoline. — This  sometimes  causes  the  engine 
to  misfire  and  not  develop  its  full  power.  Inferior  fuel  is  gen- 
erally indicated  by  a  smoky  exhaust  and  a  disagreeable  odor. 
Gasoline  suitable  for  automobile  use  should  test  76  degrees, 
or  not  much  below  this  gravity,  although  the  kind  now  furnished 
or  so  called  gasoline,  is  almost  the  same  as  kerosene.  • 


Water  in  Gasoline. — This  is  generally  indicated  when  the 
engine  runs  irregularly,  and  finally  stops. 
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To  test,  a  small  quantity  of  the  gasoline  is  placed  on  a  clean  knife  blade 
or  other  smooth  metallic  surface.  The  gasoline  will  evaporate,  and  if 
water  be  present  it  will  collect  in  small  globules  unless  the  water  has  been 
purposely  chemically  combined  with  the  gasoline.  Gasoline  and  water 
chemically  combined  will  burn  slowly  with  a  yellowish  flame. 

Freezing  of  Carburetter. — When  water  enters  the  float 
chamber  it  settles  to  the  bottom  and  in  cold  weather  prevents 
the  action  of  the  float  by  freezing;  the  water  is  also  liable  to 


Fig.  2,752. — A  vaporizer  or  generator  valve.  This  differs  frorn  a  carburetter  in  the  absence 
of  a  float  chamber,  and  consists  of  a  mixing  chamber  containing  a  check  valve  and  having: 
I,  an  air  inlet;  2,  a  gasoline  inlet;  and  3,  an  exit  to  engine.  Its  operation,  is  as  follows:  On  the 
suction  stroke,  the  partial  vacuum  produced  in  the  mixing  chamber  A,  permits  the  atmos- 
pheric pressure  to  act  upon  the  valve  F,  opening  same  against  the  tension  of  spring  G,  which 
is  held  in  position  by  the  washer  I,  and  cotter  H.  During  this  period,  the  gasoline  valve  in  the 
port  seat  is  uncovered  and  a  small  amount  of  gasoline  is  sprayed  into  the  incoming  volume 
of  air  and  passes  into  the  mixing  chamber  where  the  mixing  is  further  assisted,  in  some 
designs,  by  baffle  walls.  At  the  end  of  the  suction  stroke  the  pressure  in  the  mixing  chamber 
becomes  equalized  with  the  atmosphere  and  the  spring  causes  the  valve  F,  to  seat,  thereby 
retaining  the  mixture  and  shutting  off  any  further  injection  of  gasoline  or  air.  The  gaso- 
line supply  may  be  adjusted  by  the  needle  valve  O,  operated  by  the  thumb  wheel  P,  which 
has  a  flat  spot  on  its  cirqjLimference  on  which  the  spring  S,  bears  to  retain  the  adjustment. 
The  spring  can  be  turned  to  any  position  by  loosening  the  lock  nut  T.  The  volume  of  mix- 
ture to  the  engine  is  regulated  by  a  sliding  throttle  D,  operated  by  lever  M,  and  locked  by 
spring  N,  which  engages  notches  in  a  graduated  dial.  A  vaporizer  when  used  on  a  two 
cycle  engine  requires  no  check  valve  between  it  and  the  engine. 


enter  the  spray  nozzle  where  it  may  congeal.  When  heavy 
demands  are  made  on  a  carburetter  it  becomes  very  cold,  as 
the  heat  required  to  effect  evaporation  is  much  more  than  that 
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available  from  the  entering  air.  Under  extreme  conditions 
moisture  is  deposited  in  the  form  of  frost,  indicating  a  tempera- 
ture in  the  carburetter  too  low  for  good  working. 

These  conditions  may  be  avoided  by  jacketing  or  heating  the  air  supply, 
or  preferably  by  pre-heating  the  gasoline. 

Cold  Weather. — In  extremely  cold  weather  it  may  be 
necessary  to  warm  the  carburetter  and  admission  pipe.  This 
may  be  done  by  pouring  boiling  water  over  them. 

Cranking. — So  far  as  carburetter  action  is  concerned,  a  few 


Fig.  2,753. — An  air  inlet  pipe.     This  consists  of  a  short  length  of  pipe  threaded  at  one  end  and 
■  screwed  into  the  air  inlet  of  a  vaporizer.     A  saving  in  fuel  is  secured  by  its  use  as  any  gaso- 
line or  vapor  that  may  be  blown  into  the  inlet  when  the  valve  seats,  is  retained  in  the 
pipe  and  drawn  into  the  mixing  chamber  during  the  next  suction  stroke.     Without  any  ex- 
tension of  the  inlet,  this  fuel  would  be  blown  out  into  the  atmosphere  and  lost. 

quick  turns  of  the  crank  will  be  more  likely  to  start  the 
engine  than  ten  minutes  or  more  of  slow  grinding. 

Misfiring. — This  is  frequently  caused  by  too  weak,  or  too 
rich  a  mixture.  Misfiring  allows  the  unburnt  charge  to  accumu-' 
late  in  the  exhaust  pipe  and  muffler ;  sometimes  accumulated  gas 
is  ignited  by  a  later  charge,  causing  a  very  loud  report  like  a  tire 
explosion.  Misfiring  on  slow  speed  may  be  caused  by  too  weak 
a  mixture  due  to  having  the  float  set  too  low,  or  by  leaks  in  the 
pipe  and  connections  between  the  throttle  and  the  engine. 

After  Firing. — This  is  usually  caused  by  the  delayed  ignition 
or  combustion  of  the  previous  charge,  due  to  a  mixture  that  is 
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too  rich  or  too  weak,  hence  it  burns  slowly  with  continued  com- 
bustion after  passing  into  the  exhaust. 

Weak  Explosions. — Quite  regular,  but  weak  explosions  ma} 
be  due  to  either  too  rich,  or  too  poor  a  mixture,  or  to  the  loss  o: 
compression. 

A  hiss  inside  the  cylinder  indicates  a  leaky  piston  ring,  or  thai 
the  openings  of  the  piston  rings  are  in  line.* 
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Figs.  2,754  and  2,755. — Hand  control  supplementary  air  supply  for  automobile  service.  Th( 
simple  device  shown  can  and  should  be  applied  to  any  car  with  little  trouble.  Cut  an  open 
ing  at  any  suitable  place  in  the  pipe  between  the  carburetter  and  engine  and  cover  it  witl 
a  sliding  collar,  valve,  flap,  or  any  other  device  that  can  be  easily  opened  or  closed  by  a  leve 
on  the  steering  column,  the  essential  feature  being  that  it  must  be  fairly  well  air  tight  in  th( 
closed  position.  With  a  little  experience  on  the  road,  the  driver  will  soon  discover  th( 
point  of  engine  speed  determined  by  the  throttle  lever  at  which  he  can  commence  to  opei 
the  extra  air  supply.  If  he  has  never  before  driven  a  car  so  fitted  it  will  be  a  revelation  t( 
him,  for  this  extra  air  pcfrt  can  be  opened  wider  and  wider  to  an  astonishing  extent  befon 
the  engine  will  misfire  to  indicate  that  the  mixture  is  too  weak.  This  extra  air  port  beside; 
serving  as  a  power  increaser,  can  be  made  to  act  as  a  scavenger  and  cylinder  cooling  agent 
When  descending  a  long  hill,  by  switching  off  the  spark,  entirely  closing  the  throttle  anc 
opening  the  extra  air  port  to  its  full  extent  (the  top  speed  gear  and  clutch  are  of  course  kep 
in  engagement  so  that  the  car  is  driving  the  engine),  cold  air  is  drawn  into  the  engine  oi 
each  suction  stroke,  clearing  out  every  particle  of  hot  gases  and  helping  materially  not  onlj 
to  cool  the  engine  and  spark  plugs  but  also  to  keep  the  points  of  the  latter  much  cleane: 
and  freer  from  carbonized  oil  than  would  otherwise  be  the  case. 
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A  little  soapy  water  around  the 
relief  cock,  spark  plug,  or  other  open- 
ing into  the  combustion  space  will 
indicate  a  loss  of  compression  by  the 
formation  of  bubbles. 


Ignition. — Most  treatises  on 
ignition  begin  with  an  explana- 
tion of  electrical  principles  and 
considerable  space  is  thus  taken 
up,  which,  if  confined  to  the 
main  subject,  would  be  of  greater 
value  to  the  reader,  assuming 
that  he  either  has  an  elementary 
knowledge  of  electricity,  or  that 
he  will  acquire  this  knowledge 
elsewhere. 

For  convenience  of  the  reader 
a  very  condensed  summary  of 
the  electrical  principles  em- 
ployed in  ignition  is  here  given. 


Fig.  2,756. — Stewart  vacuum  gasoline  system, 
for  use  where  the  gasoHne  tank  is  loAver  than 
the  carburetter.  The  vacuum  tank  is  divid- 
ed into  two  chambers,  upper  and  lower.  The 
upper  chamber  is  connected  to  the  inlet  mani- 
fold while  another  pipe  connects  it  with  the 
main  gasoline  supply  tank.  The  lower  cham- 
ber is  connected  to  the  carburetter.  The  in- 
take strokes  of  the  engine  create  a  vacuum  in  the  upper  chamber  of  the  tank,  and  this  vacuum 
draws  gasoline  from  the  supply  tank.  As  the  gasoline  flows  into  this  upper  chamber  it 
raises  a  float  valve.  When  this  float  valve  reaojies  a  certain  height  it  automatically  shuts 
off  the  vacuum  valve,  and  opens  an  atmospheric  valve,  which  lets  the  gasoline  flow  down 
into  the  lower  chamber.  The  float  valve  in  the  upper  chamber  drops  with  the  gasoline 
flowing  out,  and  when  it  reaches  a  certain  point  it  in  turn  reopens  the  vacuum  valve,  and  the 
process  of  refilling  the  upper  chamber  begins  again.  The  same  processes  are  repeated  con- 
tinuously and  absolutely  automatically.  The  lower  chamber  is  always  open  to  the  atmos- 
phere, 3o  that  gasoline  flows  to  the  carburetter,  as  required,  uninterruptedly  and  at  an  even 
pressure. 
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Electricity. — The  name  electricity  is  applied  to  an  invisible  agent 
known  only  by  the  effects  which  it  produces,  and  the  various  ways  in  which 
it  manifests  itself. 

Electrical  currents  are  said  to  flow  through  conductors.  These  offer  more  or  less  resistance 
to  the  flow,  depending  on  the  material.  Copper  wire  is  generally  used  as  it  offers  little  resistance 
to  the  flow  of  the  current. 

The  current  must  have  pressure  to  overcome  the  resistance  of  the  conductor  and  flow. 
This  pressure  is  called  voltage  caused  by  what  is  known  as  difference  of  pressure  between  the 
source  and  terminal. 

An  electric  current  has  often  been  compared  to  water  flowing  through  a  pipe.  The  pressure 
under  which  the  current  flows  is  measured  in  volts  and  the  quantity  that  passes  in  amperes^ 
The  resistance  with  which  the  current  meets  in  flowing  along  the  conductor  is  measured  in  ohms. 

The  flow  of  the  current  is  proportional  to  the  voltage  and  inversely  proportional  to  the 
resistance.    The  latter  depends  upon  the  material,  length  and  diameter  of  the  conductor. 

Since  the  current  will  always  flow  along  the  path  of  least  resistance  it  must  be  so  guarded 
that  there  will  be  no  leakage.  Hence  to  prevent  leakage,  wires  are  insulated,  that  is,  covered 
by  wrapping  them  with  cotton  or  silk  thread  or  other  insulating  materials.  If  the  insulation 
be  pot  effective,  the  current  may  leak,  and  so  return  to  the  source  without  doing  its  worth. 
This  is  known  as  a  short  circuit. 

The  conductor  which  receives  the  current  from  the  source  is  called  the  lead  and  the  one 
by  which  it  flows  back,  the  return. 

When  wires  are  used  for  both  lead  and  return,  it  is  called  a  metallic  circuit;  when  the 
metal  of  the  engine  is  used  for  the  return,  it  is  called  a  grounded  circuit,  the  term  originating 
in  telegraphy,  where  the  earth  is  used  for  the  return. 

In  ignition  diagrams,  then,  the  expression  "to  ground"  means  to  the  metal  of  the  engine. 

^  An  electric  current  may  do  work  of  various  kinds,  but  the  one  property  which  makes  it 
available  for  ignition  is  the  fact  that  whenever  its  motion  is  stopped  by  interposing  a  resistance, 
the  energy  of  its  flow  is  converted  into  heat.  In  practice  this  is  accomplished  in  two  ways: 
1,  by  suddenly  breaking  a  circuit;  2,  by  placing  in  the  circuit  a  permanent  air  gap  which  the 
current  must  jump.  In  either  case,  the  intense  heat  caused  by  the  enormous  resistance  inter- 
posed, produces  a  spark  which  is  utilized  to  ignite  the  charge.  The  first  method  is  known  as 
the  make  and  break  or  low  tension  and  the  second,  the  jump  spark  or  high  tension. 

An  electric  current  is  said  to  be:  1,  direct,  when  it  is  of  unvarying  direction;  2,  alternating, 
when  it  flows  rapidly  to  and  fro  in  opposite  directions;  3,  primary,  when  it  comes  directly 
from  the  source;  4,  secondary,  when  the  voltage  and  amperage  of  a  primary  current  have 
been  changed  by  an  induction  coil. 

A  current  is  spoken  of  as  low  tension,  or  high  tension  according  as  the  voltage  is  low  or  high. 

A  high  tension  current  is  capable  of  forcing  its  way  against  considerable  resistance,  whereas 
a  low  tension  current  must  have  its  path  made  easy.  A  continuous  metal  path  is  an  easy  one, 
but  an  interruption  in  the  metal,  as,  the  permanent  air  gap  of  a  spark  plug,  is  difficult  to  bridge, 
because  air  is  a  very  poor  conductor.  Air  is  such  a  poor  conductor  that  it  is  usually,  though 
erroneously,  spoken  of  as  a  non-conductor;  it  is  properly  an  insulator. 

The  low  tension  current  is  only  able  to  produce  a  spark  when  parts  are  provided  in  the 
path,  so  arranged  that  they  may  be  in  contact  and  then  suddenly  separated.  The  low  tension 
current  will,  as  the  separation  occurs,  tear  off  very  small  metallic  particles  and  use  these  as 
a  bridge  to  keep  the  path  complete.  Such  a  bridge  is  called  an  arc,  the  heat  of  which  is  used 
for  ignition. 

Magnetism. — The  ancients  applied  the  word  "magnet,"  magnes  tapes, 
to  certain  hard  black  stones  which  possess  the  property  of  attracting  small 
pieces  of  iron,  and  as  discovered  later,  to  have  the  still  more  remarkable 
property  of  pointing  north  and  south  when  hung  up  by  a  string;  at  thi§ 
time  the  magnet  received  the  name  lodestone. 
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The  automobile  word  magneto  is  derived,  as  may  easily  be  understood, 
from  the  word  magnet. 

Magnets  have  two  opposite  kinds  of  magnetism  or  magnetic  poles,  which  attract  or  repel 
each  other  in  much  the  same  way  as  would  two  opposite  kinds  of  electrification. 

One  of  these  kinds  of  magnetism  has  a  tendency  to  move  toward  the  north  and  the  other^ 
toward  the  south. 

The  two  regions,  in  which  the  magnetic  property  is  strongest,  are  called  the  poles.  In 
a  long  shaped  rnagnet  it  resides  in  the  ends,  while  all  around  the  magnet  half  way  between 
the  poles  there  is  no  attraction  at  all.  The  poles  of  a  magnet  are  usually  spoken  of  as  north 
pole  and  south  pole. 

When  a  current  of  electricity  passes  through  a  wire,  a  certain  change  is  produced  in  the 
surrounding  space  producing  what  is  known  as  a  magnetic  field. 

If  the  wire  be  insulated  with  a  covering  and  coiled  around  a  soft  iron  rod,  it  becomes 
an  electromagnet  having  a  north  and  south  pole,  so  long  as  the  current  continues  to  flow.  The 
magnetiv  strength  increases  with  the  number  of  turns  of  the  coil,  for  each  turn  adds  its  magnetic 
field  to  that  of  the  other  turns. 

Induction. — If  a  second  coil  of  wire  be  wound  around  the  coil  of  an 
electromagnet,  but  not  touching  it,  an  induced  current  is  produced  in  this 
second  coil  by  what  is  known  as  induction,  each  time  the  current  in  the 
inside  coil  begins  or  ceases  flowing.  The  inside  coil  is  called  the  primary 
winding  and  the  outside  coil  the  secondary  winding.  Similarly,  the  current 
passing  through  the  inside  coil  is  called  the  primary  current  and  that  in 
the  outside  coil  the  secondary  or  induced  current. 

It  has  been  found  that  by  varying  the  ratio  of  the  number  of  turns  in  the  two  coik,  the 
ratio  of  voltage  of  the  two  currents  is  changed  approximately  proportionately.  That  is,  if  the 
primary  winding  be  c9mposed  of  ten  turns  and  the  secondary,  of  one  hundred,  the  voltage  of  the 
secondary  current  is  increased  approximately  ten  times  that  of  the  primary.  This  principle  is 
employed  to  produce  the  extremely  high  tension  current  necessary  with  the  jump  spark  method 
of  ignition. 

Methods  of  Producing  Electricity. — Currents  are  produced  by, 
1,  chemical,  and  2,  mechanical  means.  In  the  first  method,  two  dissimilar 
metals  such  as  copper  and  zinc  called  electrodes  are  immersed  in  an  exciting 
fluid  or  dielectric.  When  the  electrodes  are  connected  at  their  terminals 
by  a  wire  or  conductor,  a  chemical  action  takes  place,  producing  a  current 
which  flows  in  the  external  circuit  from  the  copper  to  the  zinc.  This  device 
is  called  a  cell^  and  the  combination  of  two  or  more  of  them  connected 
so  as  to  form  a  unit,  is  known  as  a  battery. 

The  word  battery  is  frequently  used  incorrectly  for  a  single  cell.  That 
terminal  of  the  copper  electrode  from  which  the  current  flows  is  called  a 
plus  or  positive  pole  and  the  zinc  electrode  terminal  a  negative  pole.  It  should 
be  carefully  noted,  however,  that  the  copper  electrode  itself  is  negative 
and  the  zinc  electrode,  positive. 

Cells  are  said  to  be  primary  or  secondary  according  as  they  generate  a  current  of  them- 
selves or  first  require  to  be  charged  from  an  external  source,  storing  up  a  current  supply  which 
is  afterwards  yielded  in  the  reverse  direction  to  that  of  the  charging  current". 

There  are  two  methods  of  producing  an  electric  current  by  mechanical  means,  1,  by  a 
dynamo,  and  2,  by  a.  magneto.  A  dynamo  has  an  electromagnet  which  is  known  as  a.  field  magnet 
to  produce  a  magnetic  field  and  an  armature  which  when  revolved  in  the  magnetic  field  develops 
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electric  current.  ^  A  magneto  has  a  permanent  magnet  to  produce  the  magnetip  field  and  an 
armature  which  is  usually  arranged  to  revolve  between  the  poles  of  the  magnet. 

The  basic  principles  upon  which  dynamos  and  magnetos  operate  are  the  same. 

Magnetos  are  divided  into  two  classes,  1,  low  tension,  and  2,  high  tension  according  as 
they  generate  a  current  of  low  or  high  voltage.  Low  tension  magnetos  are  used  for  make 
and  break  ignition  and  the  high  tension  type  for  the  jump  spark  system.  There  are  numerous 
so  called  high  tension  magnetos  on  the  market  each  consisting  of  a  low  tension  magneto  in 
combination  with  a  secondary  induction  coil  used  to  produce  a  high  tension  spark. 

Methods  of  Ignition. — The  charge  in  the  cylinder  of  a  gas 
engine  may  be  ignited  in  several  ways,  as 

1.  By  means  of  a  naked  flame; 

2.  By  means  of  a  highly  heated  metallic  surface; 


Pigs.  2,757  to  2,761. — Various  methods  of  ignition.  Fig.  2,757,  naked  flame;  fig.  2.758,  hot 
tube;  fig.  2,759,  hot  ball;  fig.  2,760,  low  tension  electric  or  make  and  break;  fig.  2,761,  high 
tension  electric  or  jump  spark. 


3.  By  an  electric  spark; 

4.  By  the  heat  of  a  very  high  compression. 

The  naked  flame  is  practically  obsolete,  and  the  hot  surface  or  hot  tube 
is  used  to  a  very  limited  extent,  except  in  the  case  of  some  -types  of  oil 
engine.  Many  builders  of  standard  engines,  however,  are  prepared  to  fur- 
nish hot  tube  ignition,  though  electric  ignition  represents  the  standard 
practice. 

There  are  two  electric  systems  in  general  use  for  igniting  the 
charge  by  electricity. 
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1.  The  low  tension,  or  make  and  break; 

2.  The  high  tension,  or  jump  spark. 

The  low  tension  system  is  electrically  simple  and  mechanically 
complex,  while  the  high  tension  system  is  electrically  compli- 
cated and  mechanically  simple. 

Low  Tension  Ignition. — In  this  system  there  is  a  device 
known  as  an  igniter,  placed  in  the  combustion  space  of  the  engine 
cylinder.     This  consists  of  two  electrodes,  or  spark  terminals, 


EKPLOSION   LIME 
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Fig.  2,762. — Indicator  card  for  gas  engine  illustrating  the  **point  of  ignition.**  It  will  be 
noted  that  compression  continued  to  the  end  of  the  stroke,  before  the  compression  curve 
made  an  abrupt  change  into  a  nearly  vertical  line,  the  point  of  ignition,  that  is,  the  piston 
position  at  the  instant  of  the  spark,  the  nearly  vertical  "explosion"  line  with  the  high  peak 
coming  almost  to  a  point,  denotes  a  strong  mixture  and  a  quick  explosion. 


one  of  which  is  stationary  and  the  other  movable.  The  station- 
ary electrode  is  insulated,  while  the  other  having  an  arm  within 
the  cylinder  and  placed  conveniently  near  is  capable  of  being 
moved  from  the  outside  so  that  the  arm  comes  into  contact 
with  the  stationary  electrode  and  separates  from  the  latter  with 
great  rapidity.  This  sudden  breaking  of  the  circuit  produces 
an  electric  arc  or  primary  spark  caused  by  the  inductance,  that 
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is,  by  the  "inertia"  or  tendency  of  the  current  to  continue  flowing 
after  the  separation  of  the  contact  points. 

The  current  may  be  derived  from  either  a  primary  battery, 
storage  battery  or  low  tension  magneto. 

While  it  is  possible  to  produce  a  spark  by  simply  breaking  a  battery 
circuit,  it  is  necessary  in  order  to  have  a  spark  of  sufficient  intensity  and 
duration  to  introduce  into  the  circuit  a  primary  induction  coil  consisting  of 
a  long  iron  core  wound  with  a  considerable  length  of  low  resistance  insulated 
copper  wire.  When  a  magneto  is  used,  the  coil  is  not  necessary  as  the 
armature  winding  serves  the  same  purpose.     A  magneto  furnishing  either 
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Fig.  2,763. — ^A  low  tension  or  make  and  break  ignition  system.  In  operation,  as  the  nose  of 
the  cam  G,  passes  rod  F,  the  latter  suddenly  drops  by  the  action  of  spring  H.  The  head  of 
the  rod,  which  has  been  raised  by  the  cam  somewhat  above  the  arm  of  D,  will  in  its  descent 
strike  D,  a  blow  which  abruptly  breaks  contact  between  D  and  B,  thus  producing  a  spark. 
When  not  acted  upon  by  the  head  of  the  rod  F,  D.  is  held  in  contact  with  B,  by  the  Spring  E. 
The  system  is  explained  in  detail  in  the  text. 


direct  or  alternating  current  may  be  used;  the  voltage  will  depend  on  the 
.  armature  speed  and  the  strength  of  the  magnets. 

Iridium  or  platinum  is  used  for  contact  points  of  the  electrodes,  as  these 
metals  resist  the  oxidizing  effect  of  electricity  and  heat  better  than  others. 

In  low  tension  ignition  a  considerable  interval  of  time  is  required  for 
the  current  to  rise  to  its  full  value  and  the  time  of  separation  of  the  electrodes 
should  not  be  sooner  than  the  moment  when  the  maximum  current  strength 
has  been  attained.  When  a  magneto  is  used  the  current  strength  increases 
with  the  speed,  hence  the  contact  interval  can  be  shorter  at  high  speeds 
than  when  a  battery  is  used. 
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The  operation  of  a  low  tension  ignition  system  is  illustrated 
in  fig.  2,763. 

At  the  instant  the  circuit  is  broken  by  the  separation  of  the  contact 
points,  the  self-induction  thus  set  up  in  the  coil  K,  opposes  any  rapid  change 
in  the  current  strength,  hence,  the  current  continues  to  flow  momentarily 
after  the  circuit  is  broken,  resulting  in  a  primary  spark.  The  action  is  the 
same  as  though  the  current  possessed  the  property  of  "inertia,"  that  is, 
time  and  resistance  both  are  necessary  to  bring  it  to  a  state  of  rest.  This 
inertia  effect  is  intensified  by  the  action  of  the  induction  coil.  When  a 
magneto  is  used,  the  armature  windings  serve  the  same  purpose. 

The  timing  of  the  spark  is  accomplished  by  the  adjustable  guides  L,  which 


Fig.  2,764. —  Wipe  contact  igniter.  It  consists  of  two  independent  electrodes,  the  stationary 
electrode  A,  and  the  movable  electrode  B.  When  the  latter  is  revolved  by  the  motion  of 
the  igniter  rod  C,  the  revolving  blade  D,  is  brought  into  contact  with  the  spring  E,  at  each 
rotation  and  produces  the  spark.  ^  In  this  arrangement  the  break  is  more  effective  than 
in  the  hammer  break  type,  and  gives  a  larger  spark  with  a  given  battery  capacity,  while 
at  the  same  time,  the  wiping  contact  of  the  two  parts  prevents  the  accumulation  of  burnt 
carbon  or  scale  on  their  edges,  and  thus  serves  to  keep  the  contact  surfaces  bright  and  clean. 
On  the  other  hand,  it  possesses  the  drawbacks  incident  to  the  use  of  a  spring  which  is  ex- 
posed to  the  extremely  high  temperatures  developed  within  the  cylinder.  The  use  of  fiat 
springs  is  particularly  disadvantageous  as  it  is  very  difficult  to  temper  them  uniformly,  and 
they  are  consequently  liable  to  break  without  warning.  Furthermore,  the  wear  of  the 
electrodes  is  excessive.  The  moment  of  ignition  can  be  adjusted  while  the  engine  is  running 
by  turning  the  thumb  screw  F,  on  the  end  of  the  igniter  rod,  and  this  screw  is  used  also 
to  retard  the  impulses  at  starting,  thus  preventing  the  engine  moving  backwards.  The 
igniter  is  located  in  the  inlet  chamber  G,  directly  over  the  head  of  the  admission  valve 
H,  and  either  one  of  the  electrodes  can  be  reached  for  inspection  or  removal,  independently, 
by  simply  removing  the  cap  K. 
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serve  to  vary  the  horizontal  position  of  the  lower  ends  of  the  rods  F,  and  thus 
vary  the  instant  at  which  their  ends  pass  the  nose  of  each  cam. 

In  make  and  break  ignition  it  is  necessary  in  order  to  produce 
a  good  spark,  that  the  ''break''  or  separation  of  the  contact  points 
of  the  igniter  should  take  place  with  extreme  rapidity,  that  is  the 
spring  H  (fig.  2,763),  should  be  sufficiently  strong  to  cause  the 
shoulder  or  rod  F,  when  it  falls,  to  strike  the  igniter  arm  a 
decided  blow,  thus  quickly  snapping  apart  the  contact  points. 


Ques.  State  some  disadvantages  of  low  ten- 
sion ignition. 

Ans.  Mechanical  complication,  excessive  noise, 
wear  of  the  igniter  points,  and  possible  leakage 
through  the  igniter. 

Ones.  For  what  service  is  low  tension  ignition 
especially  suited? 


Fig.  2,765. — Sectional  view  through 
valves  of  engine  showing  hot 
tube  method  of  ignition.  In  con- 
struction, a  valve  A,  commonly 
called  the  timing  valve,  is  provided, 
and  which  is  interposed  between 
the  admission  valve  chamber  B, 
(communicating  with  the  clearance 
space  of  the  cylinder),  and  the  in- 
terior of  the  hot  tube  C.  This  valve 
is  normally  held  closed  by  the  spring 
D.  When  the  piston  reaches  its 
inner  dead  point  at  the  end  of  the 
compression  stroke,  a  cam  E,  on  the 
secondary  shaft,  opens  the  valve 
and  allows  a  portion  of  the  com- 
pressed charge  to  pass  into  the  hot 
tube  where  it  ignites.  The  timing 
valve  is  held  open  throughout  the 
power  and  exhaust  strokes,  thus 
permitting  the  products  of  combus- 
tion to  be  carried  out  of  the  tube 
with  the  exhaust. 
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Fig.  2,766. — Diagram  of  make  and  break  ignition  system  as  applied  to  the  Domestic  engine. 


Fig.  2,767. — Sectional  view  of  Domestic  cylinder  and  head  showing  make  and  break  ignition 
mechanism. 
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Fig.  2,768. — Domestic  igniter  arm,  governor  rod  and  speed  lever. 
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Ans.  For  marine  service  especially  in  open,  off  shore  fishing 
boats,  such  as  Cape  Cod  dories,  Sea  Bright  skiffs,  etc. 

High  Tension  Ignition.- — In  this  method  of  producing  a 
spark,  a  device  called  a  spark  plug  is  employed.  This  consists 
of  two  stationary  electrodes,  one  of  which  is  grounded  to  the  en- 
gine cylinder  and  the  other  insulated.     The  points  of  the  elec- 


PlG.  2,769. — Hammer  6reaA:  igniter.  It  co/i«i«f»  of  two  metallic  terminals  A  and  B.  The 
terminal  A,  is  mounted  on  a  movable  shaft  C,  while  B,  is  stationary  and  insulated  from  the 
cylinder  wall  by  the  lava  bushing  D.  A  suitable  cam  rod,  attached  to  the  crank  E,  pro- 
vides the  means  for  rocking  the  terminal,A,  so  as  to  bring  it  in  contact  with  the  terminal  B, 
and  then  Quickly  separate  the  terminals  to  produce  the  spark.  The  helical  spring  F,  pro- 
vides a  semi-flexible  connection  between  the  shaft  C,  and  the  crank  E.  The  contact  points 
of  the  two  terminals  are  tipped  with  two  small  pieces  of  platinum  G  and  H,  and  both  term- 
inals are  mounted  in  the  removable  plug  K,  which  is  usually  inserted  through  the  wall  of  the 
cylinder  head,  so  that  the  igniter  points  extend  into  the  compression  space  of  the  cylinder. 
In  the  circuit  is  a  battery  L,  and  primary  spark  coil  M.  In  operation,  when  the  igniter 
terminals  are  brought  together,  the  circuit  is  closed  through  the  battery  and  the  spark 
coil,  and  when  the  terminals  are  quickly  separated,  the  self-induction  of  the  coil  causes 
an  electric  arc  between  the  igniter  terminals  which  ignites  the  charge. 


trodes  are  permanently  separated  from  each  other  by  about 
V^2  of  an  inch,  the  space  between  the   points   being  known  as 
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an  air  gap.  This  space  offers  so  much  resistance  to  the  flow 
of  an  electric  current  that  a  very  high  pressure  is  required  to 
cause  the  current  to  burst  through  the  air  gap  and  produce  a 
spark,  hence  the  term  ''high  tension  ignition." 

Since  the  spark  jumps  from  one  electrode  to  the  other,  this 
method  of  igniting  the  charge  is  also  known  as  the  jump  spark 
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Fig.  2,770. — Diagram  illustrating  the  principles  of  high  tension  or  jump  spark  ignition.  The 
nose  of  the  cam  in  revolving  engages  the  contact  maker  which  completes  the  primary  cir- 
cuit and  allows  current  to  flow  from  the  battery  through  the  primary  winding  of  the  coil; 
this  magnetizes  the  core.  The  primary  circuit  is  now  broken  by  the  action  of  the  cam  and 
magnetic  changes  take  place  in  the  coil  which  induce  a  momentary  high  tension  current 
in  the  secondary  circuit.  The  great  pressure  of  this  current  forces  it  across  the  air  gap  of 
the  spark  plug  and  as  it  bridges  the  gap  a  spark  is  produced.  The  arrows  indicate  the  paths 
of  the  currents. 


system.     The  spark  itself  is  properly  described  by  the  prefix 
high  tension  or  secondary. 

In  the  production  of  the  spark  two  distinct  circuits  are  necessary :  1 ,  a 
low  tension  or  primary  circuit,  and  2,  a  high  tension  or  secondary  circuit. 
The  current  which  flows  through  the  low  tension  circuit  is  called  the  primary 
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current,  and  that  which  it  induces  in  the  high  tension  circuit,  the  secondary 
current. 

In  order  to  obtain  the  high  pressure  required  to  produce  a  spark,  a  device 
known  as  a  secondary  induction  coil  is  used  which  transforms  the  primary 
current  of  low  voltage  and  high  amperage  into  a  secondary  current  of  high 
voltage  and  low  amperage,  that  is,  the  quantity  of  the  current  is  decreased 
and  its  pressure  increased. 

The  general  principles  upon  which  high  tension  or  jump  spark  ignition 
is  based  are  as  follows : 


Fig.  2,771. — ^Wiring  diagram  of  a  dual  jump  spark  ignition  system  for  a  four  cylinder  four  cycle 
engine.  A  dry  battery  and  low  tension  magneto  form  the  two  sources  of  current  supply. 
The  primary,  or  low  tension  circuit  is  shown  by  heavy  lines,  the  secondary  or  high  tension 
circuit  by  fine  lines  and  the  leads  to  spark  plugs  by  the  double  lines.  The  dotted  rectangle 
represents  the  outline  of  a  four  unit  dash  coil. 


An  automatic  device  is  placed  in  the  primary  circuit  which  closes  and 
opens  it  at  the  time  a  spark  is  required.  When  the  circuit  is  closed,  the 
primary  current  flows  through  the  primary  winding  of  the  coil  and  causes 
a  secondary  current  to  be  induced  in  the  secondary  winding.  The  spark 
plug  being  included  in  the  secondary  circuit  opposes  the  flow  of  the  current 
by  the  high  resistance  of  its  air  gap.  Since  the  pressure  of  the  secondary 
current  is  sufficient  to  overcome  this  resistance,  it  flows  or  "jumps"  across 
the  gap  and  in  so  doing  intense  heat  is  produced  resulting  in  a  spark. 

Sometimes  the  spark  is  obtained  by  keeping  the  primary  circuit  closed 
except  during  the  brief  interval  necessary  for  the  passage  of  the  spark  at 
the  plug  points.  A  secondary  spark,  then,  may  be  produced  by  either  open 
or  closed  circuit  working,  that  is,  the  primary  circuit  may  be  kept  either 
opened  or  closed  during  the  intervals  between  sparks. 
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►.^IG.  2,772. — Diagram  of  a  vibrator  coil.  The  parts  are  as  follows:  A,  screw  contact;  B,  battery; 
C,  core;  D,  vibrator  terminal;  G,  condenser;  P,  primary  wiilding;  S,  secondary  winding; 
W,  switch;  Y,  vibrator.  When  the  switch  is  closed,  the  Lollo\ying  cycle  of  actions  takes 
place:  1,  the  primary  current  flows  and  magetizes  core,  2,  magnetized  core  attracts  the  vibra- 
tor and  breaks  primary  circuit,  3,  the  magnetism  vanishes,  .nducing  a  momentary  high  ten- 
sion current  in  the  secondary  winding,  4,  magnetic  attraction  of  the  core  having  ceased, 
vibrator  spring  re-establishes  contact,  and  5,  primary  circuit  is  again  completed  and  the 
cycle  begins  anew. 


Fig.  2,773. — A  contact  maker  and  mechanical  vibrator  or  trembler.  The  case  A,  is  usually 
attached  to  the  gear  box  of  the  engme;  B,  is  the  blade;  C,  a  platinum  contact  point;  D,  an 
insulated  adjusting  screw;  E,  a  bushing  with  insulation;  F,  the  operating  cam.  As  this  cam 
revolves,  the  weight  on  the  end  of  blade  B ,  drops  into  the  recess  on  the  cam,  causing  the  blade 
to  vibrate  and  make  a  number  of  contacts  with  D,  thus  producing  a  series  of  sparks  when  in 
operation. 

Fig.  2,774.— A  contact  breaker.  This  device  keeps  the  circuit  closed  at  all  times  except  during 
the  brief  interval  necessary  for  passages  of  the  spark  at  the  plug  points.  Used  to  advantage 
on  engines  running  at  very  high  speeds,  as  it  allows  time  for  the  magnetic  flux  in  the  core 
of  the  coil  to  attain  a  density  sufficient  to  produce  a  good  spark. 
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The  automatic  device  which  controls  the  primary  current  to  produce  a 
spark  by  the  first  method  is  called  a  contact  maker,  and  by  the  second 
method,  a  contact  breaker.  A  closed  primary  circuit  with  a  contact  breaker 
is  used  to  advantage  on  small  engines  run  at  very  high  speed  as  it  allows 
time  for  the  magnetism  or  magnetic  flux  in  the  core  of  the  coil  to  attain 
a  density  sufficient  to  produce  a  good  spark.  The  word  timer  is  usually' 
applied  to  any  device  which  controls  the  primary  current,  when  it  controls 
both  the  primary  and  secondary  currents,  as  in  synchronous  ignition  it  is 
called  a  distributer. 
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Fig.  2,775. — Diagram  illustrating  the  principles  of  synchronous  ignition.  For  clearness  the 
primary  and  secondary  elements  of  both  the  coil  and  the  distributer  are  shown  separated. 
When  the  primary  rotor  of  the  distributer  completes  the  primary  circuit,  current  from 
the  battery  flows  and  the  vibrator  operates,  making  and  breaking  the  current  with 
great  frequency.  A  high  tension  current,  made  up  of  a  series  of  impulses,  is  induced 
in  the  secondary  circuit  and  distributed  by  the  rotor  arm  during  its  revolution  to  the 
several  cylinders  in  the  proper  order  of  firing. 


Ignition    Troubles.^ — To    successfully    cope    with    ignition 
troubles  there  are  two  requisites,  1,  a  thorough  knowledge  of  the 
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system  used  and  2,  a  well  ordered  course  of  procedure  in  looking 
for  the  source  of  trouble.  In  many  ignition  systems,  the  chief 
difficulty  encountered  in  the  location  of  defects  arises  from  the' 
fact  that  faults  in  different  portions  of  the  circuit  sometimes 
make  themselves  manifest  by  the  same  symptoms.  If  each 
defect  had  its  individual  symptom,  locating  the  trouble  would 


Figs.  2,776  to  2,782. — Sections  of  well  known  spark  pltigs. 
insulation;  the  last  two,  mica. 


The  first  five  have  porcelain 


be  comparatively  easy,  but  as  it  is,  it  is  sometimes  quite  difficult 
to  find  the  defective  parts.  In  general  the  following  method 
should  be  adopted  to  locate  possible  derangements: 

1.  Examine  the  source  of  current  supply;  if  a  battery,  test  each  cell 
separately  and  remove  any  found  to  be  weak.  When  a  magneto  is  used, 
disconnect  the  drive  and  turn  armature  by  hand,  if  the  field  magnets  have 
not  lost  their  strength  the  armature  should  turn  perceptibly  hard  during 
certain  portions  of  each  revolution. 

2.  Examine  the  primary  circuit  for  breaks  in  its  continuity,  see  that  all 
connections  are  bright  and  firmly  held  together  by  the  binding  screws; 
the  timer  contacts  should  be  clean. 


1,412  GAS  ENGINES 


3.  The  spark  plug  points  should  be  clean  and  the  air  gap  the  proper  length 
— about  one  thirty-second  of  an  inch,  or  the  thickness  of  a  dime. 

4.  See  that  the  vibrator  contacts  are  in  good  condition  and  the  adjust- 
ment correct.  With  this  preliminary  examination  the  system  may  now 
be  tested. 

Testing  the  Spark  Plug. — The  spark  plug  should  be  unscrewed  and 
placed  on  the  cylinder  without  disconnecting  the  wire  to  the  insulated 
electrode;  the  body  of  the  plug  only  should  touch  the  metal  of  the  cylinder. 


Fig.  2,783. — Circuit  diagram  of  a  master  vibrator  coil.  B,  is  the  battery;  C,  the  unit  coils; 
Cl,  C2,  etc.,  the  condensers;  P,  the  primary  windings  and  S,  the  secondary  windings;  HI, 
H2,  etc.,  the  spark  plugs;  T,  the  timer;  MP,  the  master  primary;  V,  the  vibrator;  W,  the 
common  primary  connection;  1,  2,  etc.,  the  stationary  contacts  of  the  timer.  The  primary 
windings  are  all  united  in  parallel  at  the  top  by  a  wire  W,  and  with  the  lower  ends  connecting 
respectively  with  the  segments  of  the  timer  E.  The  primary  winding  MP,  which  operates 
the  vibrator  V,  is  in  series  with  this  winding,  the  wire  WT,  connecting  from  the  battery  and 
passing  directly  through  the  master  primary  MP.  The  four  condensers  Cl,  C2,  C3  and  C4, 
are  in  parallel  with  the  primary  windings.  Each  of  the  secondary  windings  S  connects 
direct  to  the  spark  plugs,  designated  respectively  HI,  H2,  H3  and  H4. 

On  cranking  the  engine  the  spark  should  be  "fat"  if  everything  be  in  good 
condition ;  if  a  weak  spark  be  produced  it  may  be  due  to  either  a  loose  ter- 
minal, run  down  battery,  or  badly  adjusted  vibrator.  When  no  spark 
can  be  obtained  the  entire  system  must  be  examined  and  tested,  beginning 
at  the  battery. 

Plug  Testing  in  Multi-Cylinder  Engines. — All  nuts  are  removed 
from  the  plug,  leaving  the  high  tension  wires  in  place.  After  starting  the 
engine,  all  wires  are  grounded  except  one,  thus  running  the  engine  on  one 
cylinder.  In  case  there  be  no  misfiring  after  testing  at  various  engine 
speeds,  it  can  be  taken  for  granted  that  the  plug  is  sound.     The  remaining 
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Pig.  2,784. — Circuit  diagram  of  a  magneto  with  self-contained  coil.  A,  is  the  armature 
winding;  P,  primary  — ,  S,  secondary  of  transformer;  D,  distributing  brush  carrier;  E, 
contact  segments;  F,  safety  spark  gap;  G,  terminals  to  plugs;  U,  interrupter;  Z,_  spark 
plugs.  In  operation,  alternating  current  flows  from  the  armature  having  two  points  of 
maximum  pressure  in  each  armature  revolution.  As  the  current  leaves  the  armature,  it 
is  offered  two  paths:  1,  the  shorter  through  the  interrupter  U,  to  the  ground,  and  2,  the 
longer  through  the  primary  P,  of  the  induction  coil  to  the  ground.  A  third  path  through  the 
condenser  K,  is  only  apparently  available;  it  is  obstructed  by  the  refusal  of  the  condenser 
to  permit  the  passage  of  the  current,  as  the  condenser  will  merely  absorb  a  certain  amount 
of  current  at  the  proper  moment,  that  is  at  the  instant  of  the  opening  of  the  interrupter. 
The  interrupter  being  closed  the  greater  part  of  the  time,  allows  the  primary  current  to  avail 
itself  of  the  short  path  it  offers.  At  the  instant  at  which  the  greatest  current  intensity 
exists  in  the  armature,  the  interrupter  is  opened  mechanically  so  that  the  primary  current 
has  no  choice  but  must  take  the  path  through  the  primary  P,  of  the  induction  coil.  A  certain 
amount  of  current  is  at  this  instant  also  absorbed  by  the  condenser  K.  This  sudden  rush 
of  current  into  the  primary  P,  of  the  induction  coil,  induces  a  high  tension  current  in  the 
secondary  winding  S,  of  the  coil  which  has  sufficient  pressure  to  bridge  the  air  gap  of  the  spark 
plug.  The  sharper  the  rush  of  current  into  the  primary  winding  P,  the  more  easily  will  the 
necessary  intensity  of  current  for  a  jump  spark  be  induced  in  the  secondary  winding  S. 
The  distribution  of  the  current  in  proper  sequence  to  the  various  engine  cylinders  is 
accomplished  as  follows:  the  high  tension  current  induced  in  the  secondary  S,  of  the  in- 
duction coil  is  delivered  to  a  distributing  brush  carrier  D,that  rotates  in  the  magneto  at  half 
the  speed  of  the  crank  shaft  of  the  engine.  This  brush  carrier  slides  over  insulated  metal 
segments  E,  there  being  one  for  each  cylinder.  Each  of  these  segments  E,  connects  with  one 
of  the  terminal  sockets  that  are  connected  by  cable  with  the  spark  plugs  as  shown.  At 
the  instant  of  interruption  of  the  primary  current,  the  distributing  brush  is  in  contact 
with  one  of  the  metal  segments  E,  and  so  completes  a  circuit  to  that  spark  plug  connected 
with  this  segment.  Should  the  circuit  between  the  terminal  G,  and  its  spark  plug  be  broken, 
or  the  resistance  of  the  spark  plug  be  too  great  to  permit  a  spark  to  jump,  then  the  current 
might  rise  to  an  intensity  sufficient  to  destroy  the  induction  coil.  To  prevent  this  what  is 
known  as  a  safety  spark  gap  is  introduced.  This  will  allow  the  current  to  rise  only  to  a 
certain  maximum,  after  which  discharges  will  take  place  through  this  gap.^  In  construction, 
the  spark  discharges  over  this  gap  are  visible  through  a  small  glass  window  conveniently 
located. 


1,414  GAS  ENGINES 


plugs  are  tested  in  the  same  manner.  When  a  multi-unit  coil  is  used,  a 
faulty  plug  may  be  located  by  holding  down  all  the  vibrator  blades  but  one, 
so  that  only  one  spark  plug  operates.  Running  each  cylinder  separately 
by  this  means,  it  can  easily  be  ascertained  which  plug  is  defective.  Some 
coils  are  provided  with  little  knobs  for  cutting  out  cylinders  in  the  manner 
just  described. 

Complete  Break  in  the  Wiring. — The  engine  is  placed  upon  the  spark- 
ing point,  the  primary  switch  closed,  and  the  two  terminals  of  the  suspected 
wire  touched  with  a  test  wire.     A  flow  of  current  indicates  a  break. 

Partial  Break  in  the  Wiring. — A  partial  break,  or  one  held  together 
by  the  insulation,  may  sometimes  be  located  by  bending  the  wire  sharply 
at  successive  points  along  its  length,  the  engine  being  at  the  sparking 
point  and  the  switch  closed  as  before. 

Primary  Short  Circuits. — The  primary  wires  should  be  disconnected 
from  the  coil,  leaving  the  ends  out  of  contact  with  anything.  There  is  a 
short  circuit  if  on  touching  the  switch  points  momentarily  a  spark  appear. 
A  short  circuit  may  sometimes  be  overcome  by  clearing  all  wires  of  contact 
with  metallic  bodies,  and  pulling  each  wire  away  from  the  others  which 
were  formerly  in  contact  with  it. 

Secondary  Short  Circuits. — The  secondary  lead  from  the  spark  plug 
should  be  disconnected.  Under  this  condition  the  high  tension  current 
may  sometimes  be  heard  or  seen  discharging  from  the  secondary  wire  to 
some  metallic  portion  of  the  car.  Water  in  contact  with  the  secondary 
wire  will  sometimes  cause  a  short  circuit  unless  the  insulation  be  of  the  best 
quality. 

The  Primary  Switch. — This  portion  of  the  primary  circuit  sometimes 
causes  trouble  by  making  poor  contact.  This  is  generally  due  to  the 
deterioration  of  the  spring  portion  of  the  metal,  which  gradually  loses  its 
resiliency.  Snap  switches  sometimes  fail  through  the  weakening  of  the 
springs  which  hold  them  in  the  "on"  or  "off"  position.  The  contacts  of  a 
switch  should  be  kept  in  good  condition. 

Primary  Connections. — All  binding  posts  and  their  connections  should 
be  clean  and  bright.  The  wires  should  be  firmly  secured  to  the  binding 
posts,  as  a  loose  connection  in  the  primary  circuit  is  often  the  cause  of  irreg- 
ular misfiring  or  the  stopping  of  the  engine. 

Vibration. — Since  the  wires  are  subject  to  constant  vibration,  a  number 
of  strands  of  fine  wire  is  better  than  a  single  heavy  wire,  as  the  latter  is  more 
liable  to  be  broken.  In  securing  the  wire  to  a  binding  post,  care  should  be 
taken  that  all  the  strands  are  bound. 

Timers. — These  may  give  trouble  by:  1,  presence  of  dirt;  2,  loose 
contacts;  or  3,  division  of  the  spark;  this  latter  effect  is  sometimes  caused 
by  metalHc  particles  wearing  oft  the  revolving  part  forming  a  path  so  that 
the  spark  passes  from  the  revolving  part  to  more  than  one  contact  segment. 
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Coils. — The  part  of  a  coil  which  requires  most  frequent  attention  is 
the  vibrator.  The  contact  points  are  subject  to  deterioration  on  account 
of  the  small  spark  always  present  between  the  points  when  the  coil  is  in 
operation.  In  time,  the  points  become  corroded  and  burned,  and  therefore 
require  to  be  resurfaced  by  smoothing  with  a  fine  file.  A  faulty  connection 
to  the  condenser  is  at  once  shown  by  the  large  sparks  at  the  vibrator  points. 
Any  repairs  to  a  coil,  aside  from  the  vibrator,  should  be  done  by  an  expert, 
as  the  construction  is  very  delicate. 

Igniters. — In  make  and  break  ignition,  a  failure  to  get  a  spark,  especially 
with  a  weak  battery,  is  frequently  due  to  the  tappet  spring.  This  spring 
must  be  quite  stiff  so  as  to  cause  the  break  to  take  place  with  considerable 
rapidity;  the  more  rapid  the  break  the  better  is  the  quality  of  the 


^'i,''  T  /i^-"^  slot  for  cleaning  platinum  contacts  of  Connecticut  magneto  interrupter. 
ine  oup  noldmg  the  interrupter  or  primary  circuit  breaker  may  be  withdrawn  from  its 
nousing.  i  he  slot  serves  as  a  guide  for  a  small  fiat  file  for  cleaning  and  squaring  the  con- 
tact points.  By  means  of  an  adjustable  gauge  furnished  with  the  magneto,  the  correct 
opening  ot  the  contact  points  may  be  determined.  The  interrupter  is  provided  with  a 
f,^r^ff  roller  beanng  against  the  cam  pins,  thus  insuring  accurate  timing  at  any  speed  and 
unaffected  by  centrifugal  force.  The  advance  lever  can  be  connected  at  either  side  of 
I,  L™!:??^^°  ^^  ^H  Interrupter  housing  is  reversible.  The  oams  are  renewable  by  a  half 
turn  with  a  screw  dnver. 

spark.  The  contact  points  of  the  igniter  electrodes  are  subject  to  corro- 
sion and  wear.  When  they  become  pitted  the  contact  surfaces  should  be 
filed  smooth. 

Spark  Plugs.— Repeated  failure  to  start  when  the  coil  vibrator  operates 
indicates  a  faulty  spark  plug.  A  rich  gasoline  mixture  often  leaves  Si  carbon 
deposit,  and  being  a  partial  conductor  short  circuits  the  plug.  The  por- 
celain insulation,  on  account  of  its  brittleness,  may  crack  inside  the  sleeve, 
allowing  a  spark  to  pass  there  instead  of  at  the  gap.  Mica  insulation  some- 
times becomes  saturated  with  oil,  causing  the  layers  to  separate,  permitting 
a  short  circuit.  f  y  i-  & 

Engine  Misfires  and  Finally  Stops.— This  may  be  due  to  exhaustion 
ot  the  battery,  and  is  indicated  by  a  weak  spark  and  very  faint  vibrator 
action.  "^ 

Engine  Suddenly  Stops.— This  is  generally  caused  by  a  broken  wire  or 
loose  switch  which  does  not  stay  closed.     In  the  case  of  a  single  cylinder. 
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Figs.  2,786  to  2,788. — Double  ignition  consisting  of  a  two  spark  high  tension  magneto  system, 
and  a  battery  synchronous  ignition  system  with  engine  driven  distributer.  Fig.  2,786, 
elementary  diagram  of  oonnections;  fig.  2,787,  position  of  magneto  armature  just  before 
time  of  spark;  fig.  2,788,  position  of  armature  at  time  of  spark. 


GAS  ENGINES  1,417 


the  broken  wire  may  be  either  in  the  primary  or  secondary  circuit;  if  a 
multi-cylinder  engine,  the  break  is  in  the  primary  circuit. 

Engine  does  not  Start. — Usually  caused  by:  1,  primary  switch  not 
closed;  2,  battery  weak  or  exhausted;  3,  entire  or  partial  break  in  wire;  4, 
loose  terminal;  5,  moisture  on  spark  plug;  6,  fouled  plug;  7,  spark  too  far 
retarded  or  advanced;  or,  8,  too  slow  cranking  with  magneto  ignition. 

Engine  Runs  Fitfully. — Frequently  results  from  a  partial  break  in 
the  wiring,  especially  in  the  primary  circuit. 


Fig.  2,789. — Sumter  low  tension  oscillating  magneto.     In  this  type  the  armature  does  not  re- 
volve continuously  but  oscillates  back  and  forth  through  an  angle  of  about  90°. 

Pre-ignition. — Caused  by:  1,  some  small  particle  in  the  cylinder 
becoming  heated  to  incandescence;  2,  the  electrodes  of  the  spark  plug 
becoming  red  hot;  or,  3,  intermittent  short  circuit  in  the  primary. 

Engine  Runs  With  Switch  Open. — Usually  caused  by:  1,  overheated 
engine  or  plug  points;  2,  primary  short  circuit;  or,  3,  defective  switch;  4, 
an  incandescent  particle  inside  the  cylinder. 

Engine  Misfires. — This  may  be  caused  by:  1,  weak  battery;  2,  partial 
break  in  conductor;  3,  loose  or  disconnected  terminal;  4,  intermittent  short 
circuit  in  the  secondary;  5,  faulty  action  of  either  timer  or  vibrator  contacts; 
6,  bent  vibrator  blade;  7,  faulty  spark  plug;  or,  8,  air  gap  too  large. 

Knocking  of  Engine. — Too  much  advance  of  the  spark  sometimes 
produces  this  effect. 

Knocking  in  the  Cylinder. — The  form  of  unusual  noise  commonly 
described  as  "knocking"  consists  of  a  regular  and  continuous  tapping  in 
the  cylinder,  which  is  so  unlike  any  sound  usual  and  normal  to  operation 
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that,  once  heard,  it  cannot  be  mistaken.  Too  much  advance  of  the  spark 
sometimes  produces  this  result.  As  mentioned  by  numerous  authorities, 
the  placing  of  the  spark  plug  in  the  exact  center  of  the  combustion  space 
occasions  a  peculiarly  sharp  knock,  which  may  be  stopped  by  advancing 
or  retarding  the  spark  from  the  one  point  of  trouble.  This  explanation 
of  the  trouble  is  questioned  by  others,  and  is  probably  overrated. 

Loss  of  Power  Without  Misfires. — This  may  be  due  to  badly  adjusted 
coil  contacts,  poor  spark,  or  incorrect  timing. 

Explosions  in  the  Muffler. — These  are  usually  caused  by  misfiring-, 
partially  charged  storage  battery,  or  by  one  cylinder  not  working. 

Timing.' — The  expression  *' timing  the  valves"  of  a  gas  engine 
corresponds  to  **setting"  the  valve  of  a  steam  engine.  Evi- 
dently the  valves  must  open  and  close  at  precisely  the  proper 
moment,  otherwise  the  sequence  of  events  of  the  working  cycle 
would  be  disturbed  and  the  engine  would  not  operate  satisfac- 
torily. 

The  points  of  opening  and  closing  of  valves  are  designated  in  two  ways: 
either  in  terms  of  degrees  around  the  fly  wheel,  or  as  distance  moved  by 
the  piston  in  the  cylinder.  As  it  is  much  easier,  after  the  motor  has  been 
assembled,  to  determine  the  position  of  the  piston  from  marks  on  the  fly 
wheel,  the  former  method  for  setting  valves  has  been  almost  universally 
adopted. 

As  soon  as  the  engine  is  finished,  two  marks,  diametrically  opposite,  are 
located  on  the  rim  of  the  fly  wheel,  such  that  when  one  is  directly  over  the 
center  of  the  main  shaft,  the  piston  will  be  at  one  end  of  its  stroke,  or  in 
other  words,  when  either  of  these  marks  is  on  top,  the  piston  will  be  on 
one  of  its  "dead  centers." 

In  figs.  2,790  to  2,795,  at  1,  an  engine  is  shown  at  the  head  center,  and  at  2, 
the  same  engine  is  shown  at  the  crank  center,  the  rotation  being  indicated 
by  the  arrow.  At  3,  the  position  of  the  crank  at  exhaust  opening  is  shown, 
which  varies  from  35°  to  40°  from  the  bottom  center  of  the  power  stroke 
in  various  engines.  At  4,  the  exhaust  closes  about  5°-10°  beyond  the  top 
center  of  the  exhaust  stroke.  At  5,  the  inlet  opens  about  two  degrees  after 
the  closing  of  the  exhaust,  and  at  6,  the  inlet  valve  closes  and  compression 
commences.  Now,  if  by  turning  the  engine  over,  the  exhaust  valves 
be  found  to  seat  at  or  before  the  dead  center,  it  is  plain  that  it  closes  5°-10'' 
too  early,  and  must  have  opened  the  same  amount  too  early.  Also,  if  the 
inlet  valve  should  be  found  to  open  on  or  before  the  top  center,  it  must 
also  have  closed  too  early,  and  thus  prevented  the  engine  taking  a  full 
charge. 
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Oues.     Is  the  operation  of  the  exhaust  and  inlet  valves 
dependent  upon  each  other? 

Ans.     If  all  of  the  valves  be  operated  by  the  same  cam  shaft, 
the  valves  are  bound  to  be  ''in  step"  with  each  other,  providing 
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Figs.  2,790  to  2,795. — Valve  timing  diagrams,  showing  timing  of  valves  for  one  cylinder  engine. 


there  is  no  excessive  lost  motion,  but  if  one  of  the  valves  be 
early  or  late,  it  is  evident  that  they  are  all  out  of  time. 
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Ques.  What  might  happen  if  the  exhaust  and  inlet 
valves  be  operated  by  separate  cam  shafts? 

Ans.  Both  sets  of  valves  may  be  out  of  time  with  each 
other,  and  at  the  same  time  being  out  of  time  with  the  pistons, 
or  one  set  may  be  in  time  with  the  pistons,  while  the  other  set 
is  out  of  time. 


Fig.  2,796. — ^A  typical  four  cylinder  engine  showing  position  of  cranks  and  working  parts, 
including  secondary  shafts. 


Oues.  Could  an  engine  run  under  any  of  the  above 
named  conditions? 

Ans.  The  valves  may  all  be  considerably  out  of  time,  and 
the  engine  will  still  run  but  at  the  expense  of  reduced  power, 
increased  fuel  consumption,  and  excessive  vibration. 
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Oues.     How  is  improper  timing  detected? 

Ans.     By  unsteady  action,  especially  at  the  higher  speeds. 

s 

Oues.     If  the  valves  be  out  of  time,  and  there  be  no  lost 
motion,  what  must  be  done? 
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Fig.  2,797. — Wiring  diagram  for  K-W  type 
H  and  HT  magneto,  for  firing  order 
1,  2,  4,  3.  To  time  magneto:  Place 
No.  1  piston  on  upper  dead  center  of 
compression  stroke,  and  have  rocker 
arm  A,  horizontal  as  sjhown.  Shift 
magneto  around  until  distributer  brush 
B,  touches  sjegment  S,  thus  connecting  with  cylinder  No.  1. 
Shift  magneto  slowly  by  hand,  in  the  proper  direction  of  MAGNETO 

rotation,  until  the  contacts  P,  are  just  beginning  to  separate. 

At  this  point  secure  magneto  shaft  to  gear  or  coupling  with  set  screws.  When  one  cylinder 
is  timed,  proceed  to  connect  the  others  as  follows:  Ascertain  the  firing  order  of  the  engine, 
then  crank  engine  slowly  and  connect  plug  cable  from  next  cylinder  that  fires  to  distributer 
segment  No.  2  and  so  on  until  all  the  plug  cables  are  connected.  The  secondary  con- 
nections on  the  hard  rubber  distributer  block  are  numbered  in  consecutive  order,  1,  2,  3,  4, 
etc.  These  numbers  do  not  refer  to  the  engine  cylinders,  and  it  is  necessary  to  determine 
the  order  in  which  the  cylinders  fire  and  connect  secondary  cables  accordingly.  Replace 
parts  on  the  magneto  and  start  the  engine  to  test  the  setting.  See  that  all  nuts  and  con- 
nections are  tight,  also  that  retainer  spring  has  been  replaced.  There  should  be  a  tendency 
for  the  engine  to  kick  back  slightly  when  starting,  and  if  it  do  not,  advance  magneto  until 
it  does  kick  slightly.  To  advance,  shift  coupling  against  direction  of  rotation.  To  retard, 
shift  coupling  with  direction  of  rotation.  Shift  slightly  each  time  until  correct  position 
is  obtained.  Pin  magneto  shaft  to  gear  or  coupling  with  taper  pin,  do  not  depend  on  a  set 
screw,  as  it  will  surely  work  loose  in  time. 


Ans.  One  of  the  pistons,  say,  1,  in  fig.  2,797  is  put  on  top 
center,  a  space  amounting  to  about  5°  to  10°  is  then  marked  off 
on  the  fly  wheel  rim,  and  the  engine  turned  ahead  until  this 
mark  comes  even  with  the  center  pointer;  the  gears  of  the 
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exhaust  cam  shaft  are  then  shifted  so  that  the  exhaust  cams  just 
allow  the  valves  to  remain  clear  of  their  seats.  The  engine  is 
then  turned  ahead  about  2°,  and  the  inlet  valve  shaft  shifted 
until  the  inlet  valve  commences  to  raise. 

Oues.  When  shifting  the  cam  shaft  to  make  the  valves 
earlier  or  later,  should  it  be  turned  respectively,  with,  or 
against  the  direction  of  rotation  of  the  crank  shaft  ? 


CRANK  SHAFT  CRANK  SHAFT 

Figs.  2,798  and  2,799. — Diagram  showing  rotation  of  cam  shafts  with  a  direct  gear  device. 


CRANK  SHAFT 


CRANK    SHAFT 


Figs.  2,800  and  2,801. — Diagram  showing  rotation  of  cam  shafts  when  an  intermediate  idler  is 
used. 

Ans.  That  depends  upon  the  gearing.  If  the  cam  shaft 
gears  mesh  directly  into  the  crank  shaft  pinion,  the  cam  shafts 
revolve  in  an  opposite  direction  than  the  crank  shaft,  and  to 
make  the  valves  earlier,  the  cams  must  be  turned  in  the  direction 
followed  by  the  cam  shafts,  which  is  opposite  that  of  the  engine. 
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Most  engines  have  an  idler  gear  between  the  crank  shaft  and  the 
cam  shaft  gears;  in  such  case  the  cam  shafts  revolve  in  the 
same  direction  as  the  crank  shaft,  and  the  cams  shift  with  or 
opposite  the  engine  to  make  them  respectively  early  or  late. 
This  is  illustrated  in  figs.  2,798  to  2,801. 


Figs.  2,802  to  2,804. — The  successive  positions  of  a  valve  lifting  cam. 


Fig.  2.805. — ^Valve  cam  device  with  roller  mounted  on  cam.     This  design  is  frequently  used 
to  reduce  the  side  thrust  upon  the  push  rod. 
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Oues.  If  all  valves  be  driven  from  one  cam  shaft,  is  it 
possible  that  one  or  more  of  them  may  be  timed  correctly, 
while  the  others  are  out  of  time? 

Ans.  On  some  engines  the  cams  are  made  independent  from 
the  cam  shaft,  and  are  keyed  to  the  latter,  hence,  it  is  possible 


Fig.  2,806. — Roller  and  carrier  with  joints  badly  worn 
shown  in  lifting  positions.  The  cam  and  roller  shown 
by  the  dotted  lines  indicate  the  position  of  these 
parts  if  there  were  no  lost  motion.  The  angle  be- 
tween the  dotted  and  solid  cams  is  the  angle  of  rota- 
tion lost  due  to  lost  motion. 


Fig.  2,807. — Roller  and  carrier  badly  worn  shown 
while  the  valve  is  seating.  The  angle  lost  in 
this  case  is  just  the  same  as  the  angle  lost  during 
lifting;  the-  sum  of  the  two  angles  represents  the 
total  loss  in  angular  motion. 


GAS  ENGINES 


1,425 


that,  in  overhauling  the  engine,  some  of  the  cams  may  have  been 
replaced  wrongly. 

Ques.  Is  this  possible  if  the  cams  be  forged  with  the 
shaft? 

Ans.  Although  the  cams  cannot  be  shifted  out  of  time  with 
each  other,  it  is  possible  that  the  surface  of  some  may  be  worn 
more  than  others,  or  on  such  engines  where  the  cams  act  upon 
rollers  carried  by  the  end  of  the  push  rod,  as  in  figs.  2,802  to  2,804, 


Figs.  2,808  and  2,809. — Valve  push  rod  with  roller  shown  in  lifting  and  seating  position,  showing 
the  serious  defects  of  a  worn  push  rod  bushing.  The  dotted  cams  and  rollers  indicate  the 
position  these  parts  would  have  with  the  same  amount  of  lift  if  there  were  no  lost  motion. 


or  by  a  carrier  as  in  fig.  2,805,  the  roller  and  pin  may  be  worn  to 
such  an  extent  as  to  make  proper  timing  impossible,  without 
removal  of  the  worn  parts. 

Ones.  Could  this  lost  motion  be  taken  care  of  when 
adjusting  the  lost  motion  between  valve  stems  and  push 
rods? 
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Ans.  No,  between  valve  stem  and  push  rod  only  the  lost 
motion  in  the  direction  of  the  valve  travel  can  be  adjusted. 
The  lost  motion  in  the  rollers,  the  carrier  suspension,  or  the 
push  rod  bushings,  acts  in  a  direction  at  right  angles  to  the 
valve  travel,  and  affects  the  timing  in  the  manner  shown  in 
figs.  2,806  to  2,808. 

Ones.     Will  wear  of  the  gear  teeth  afifect  the  timing? 

Ans.  Very  little,  even  if  the  teeth  be  worn  considerably,  the 
difference  between  the  diameter  of  the  gears  and  that  of  the 
cams  is  so  great  that  the  gears  would  be  worn  out  before  the 
timing  would  be  materially  affected. 

Oues.  What  would  be  the  main  objection  to  lost 
motion  in  the  gear  teeth? 

Ans.  The  noise.  When  the  cams  raise  the  valves  against 
.the  spring  action,  the  tension  upon  the  teeth  is  upon  their 
driving  faces,  while  when  the  valves  seat  again  by  the  spring 
action,  the  tension  upon  the  teeth  is  on  the  reverse  side,  causing 
the  gear  teeth  to  clatter  fore  and  back  several  times  during  each 
revolution. 

Cooling  Systems. — ^As  the  cylinder  of  a  gas  engine  is  an 
explosion  chamber,  that  is,  a  furnace  wherein  the  fuel  is  burned, 
and  the  explosions  are  very  frequent,  it  is  necessary  to  adopt 
some  means  to  cool  the  cylinder  walls.  If  the  cylinder  were  not 
cooled  in  some  way,  it  would  get  red  hot,  lubrication  under  such 
conditions  would  be  impossible,  and  the  casting  would  be 
destroyed  in  a  short  time. 

In  addition,  •  the  temper  would  be  taken  out  of  the  valve 
springs,  the  spark  plugs  would  possibly  crack,  and  the  incoming 
charge  become  so  rarefied  as  to  seriously  impair  the  power  of 
the  engine. 
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Although  a  cooling  system  is  a  necessity,  for  the  reasons 
stated  above,  it  always  causes  a  loss  by  absorbing  a  part  of  the 
heat  units  generated  by  the  combustion  of  the  fuel,  thus  reducing 
the  efficiency  of  the  engine. 

The  two  methods  used  to  cool  the  cylinder  are 

1 .  A  j  acket  of  circulating  water ; 

2.  Induced  air  currents. 

In  the  first  method  a  thin  space  around  the  cylinder  is  provided  for  the 
water  by  an  outer  casing  of  metal,  either  cast  with  the  cylinder,  or  attached 
as  in  the  case  of  a  sheet  copper  casing. 
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Pig.  2,810. — Diagram  of  a  gravity  water  circulation  system  for  a  gas  engine  cylinder.  As  indi- 
cated by  the  arrows,  the  water  from  the  tank  enters  the  jacket  of  the  cylinder  at  the  lowest 
point,  and  being  there  subjected  to  the  heat  of  the  cylinder  walls,  rises  to  the  level  of  the 
tank  water;  thus  maintaining  a  continuous  circulation. 

The  cooling  or  circulating  water,  after  passing  through  the  jacket  and 
absorbing  heat  from  the  cylinder,  passes  off  to  1,  a  tank,  2,  radiator  (in  the 
case  of  an  automobile),  or  3,  to  waste.  In  the  first  two  cases  the  water  is 
used  over  and  over  again. 

Since  the  heat  causes  the  water  to  evaporate,  and  in  some  cases,  to  boil, 
it  must  be  replenished  from  time  to  time  where  a  tank  or  radiator  is  used. 


In  tank  or  radiator  systems  the  water  is  kept  in  circulation  by 

1.  Gravity,  or 

2.  Mechanical  means. 
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Fig.  2,810  shows  the  gravity  method.  The  water,  expanding  with  rise  of 
temperature  becomes  lighter  and  the  heated  layers  rise  while  the  cool  layers 
descend,  thus  a  continuous  circulation  is  produced.  In  the  mechanical 
method  the  water  is  kept  in  circulation  by  some  form  of  pump  operated 
by  the  engine. 


Figs.  2,811  and  2,812. — Two  types  of  circulating  pump  for  use  in  the  water  cooling  system  of  gas 
engines. 


^JJ^/^tf*  COCK, 

Fig.  2,813.— An  example  of  a  radiator  and  water  cooling. system  with  pump  circulation.  The 
cooling  is  assisted  by  a  fan  geared  to  the  engme  which  mduces  a  current  of  air  through 
the  radiator  when  the  car  is  standing. 

Oues.    What  is  the  construction  of  a  ''honeycomb" 
radiator? 

Ans.     This  type  consists  of  ntimerous  short  lengths  of  small 
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tubing  of  square  cross  section,  placed  side  by  side  and  held  to- 
gether by  solder  at  the  ends,  the  structure  presenting  the  appear- 
ance of  a  "honeycomb." 

Oues.     Explain  the  operation  of  a  honeycomb  radiator? 


Figs.  2,814  to  2,819.— Types  of  radiator  construction;  fig.  2,814,  Harrison  tubular;  fig.  2,815, 
Fedders  staggered  air  tube;  fig.  2,816,  Fedders  square  air  tube;  fig.  2,817,  A-Z  vertical  type; 
fig.  2,818,  Buscoe  vertical  type;  fig.  2,819,  Livingston  zig-zag  tube.  In  the  construction 
of  radiators,  copper,  or  its  alloy,  brass,  is  used  on  account  of  its  great  capacity  for  conduct- 
ing heat,  the  weight  then  can  be  kept  low.  It  also  has  mechanical  advantages  such  as  ease 
of  forming  and  soldering. 
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Ans.  The  heated  water  from  the  engine  enters  at  the  toii 
and  circulates  to  the  bottom,  flowing  through  the  small  space 
between  the  tubes.  A  strong  current  of  air  induced  by  a  far 
and  also  by  the  motion  of  the  car,  passes  through  the  tubes  an(j 
absorbs  heat  from  the  water. 

Air  Cooling  System.- — In  this  method  the  cylinders  are  coolec 
by  a  strong  current  of  air,  induced  in  the  case  of  an  automobile 
by  the  movement  of  the  car,  and  aided  by  a  rapidly  revolving 
fan.  Since  air  is  not  as  efficient  as  water  for  absorbing  heat 
from  the  cylinder,  the  radiating  surface  of  the  latter  is  con- 
siderably increased  by  numerous  ribs  or  rings. 

ADJUSTABLE   BEARINGS 
CRANK  OiUCR 
FuY   WHEEL   J 
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Figs.  2,820  and  2,821. — Sectional  views  of  Fuller  and  Johnson  gas  engine  cylinder  showing 
open  jacket  or  "hopper"  method  of  cooling.  The  hopper  consists  of  a  large  vessel  surround- 
ing the  cylinder,  which  holds  a  sufficient  quantity  of  water  to  adequately  cool  the  cylinder. 
The  water  circulation  is  by  gravity. 

Oues.  Why  is  the  water  cooling  system  more  efficient 
than  the  air  cooling  system? 

Ans.  Because  a  larger  and  better  arranged  radiating  surface 
can  be  provided  in  a  radiator  than  on  a  cylinder;  in  either  case 
the  excess  heat  is  carried  off  by  the  air.  The  water  simply 
serves  as  a  medium  to  conduct  the  heat  from  the  engine  to  the 
radiator. 
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Lubrication  Systems.' — There  are  several  methods  of  gas 
engine  lubrication  in  general  use,  and  they  are  known  as  gravity, 
splash,  pressure,  and  positive  systems. 

In  the  gravity  system,  the  lubricator  is  placed  at  a  suffi- 
ciently high  elevation  to  permit  the  oil  to  flow  to  the  bearings; 
2,  in  the  splash  system,  a  quantity  of  oil  is  placed  in  the  crank 
case  and  maintained  at  such  a  level  that  the  ends  of  the  con- 
necting rods  come  in  contact  with  the  oil  at  the  lower  part  of 


Figs.  2,822  and  2,823.— The  Cameron  air  cooled  engine.  The  fan  shown  at  the  left  induces  a 
current  of  air  which  passing  over  the  large  surface  presented  by  numerous  ribs,  cools  the 
cyhnders  The  valves  are  located  above  the  cylinder  bore  in  opposite  chambers  and  work 
horizontally.  Each  valve  is  operated  by  a  long  vertical  lever  A,  pivoted  at  R.  The  upper 
end  C  bears  upon  the  end  of  the  valve  stem  and  its  lower  end  carries  a  roller  against  which 
bears  the  camshaft  cam  D.  The  upper  end  of  the  lever  or  valve  rocker  arm  is  split  and  takes 
a  threaded  piece  E,  which  rests  upon  the  end  of  the  valve  stem.  By  the  adjustment  of  this 
the  timing  of  the  valve  is  accomplished.  The  lower  end.  with  its  roller  is  contained  within 
a  small  extension  on  a  detachable  plate  secured  to  the  side  of  the  crank  case  and  the  end  of 
the  valve  rocker  arm  working  in  a  slot  F.  in  the  top  of  the  expansion. 


their  revolution  and  splash  it  upon  the  working  parts;  3,  in  the; 
pressure  system,  the  oil  is  contained  in  a  reservoir  and  forced ' 
to  the  various  bearings  under  pressure  acquired  by  connecting 
the  reservoir  to  the  exhaust  by  a  small  pipe,  or  by  utilizing  the 
pressure  from  an  enclosed  crank  case;  in  the  positive  system,  a 
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pump  geared  to  the  engine  forces  a  certain  amount  of  oil  through 
the  feed  at  each  stroke  of  the  plunger. 

Ques.     How  is  a  gas  engine  cylinder  lubricated? 

Ans.     In  some  engines  the  splash  system  is  used,  while  in 
others  the  oil  is  fed  from  a  lubricator. 

Ques.     What  determines  the  choice  of  a  lubricant? 

Ans.     The  principal  things  to  be  considered  are:  1,  rubbing 
pressure;  2,  rubbing  velocity,  and  3,  temperature. 


Fig.  2,824. — Horizontal  cylinder  oiled  by  force  feed  oiler  distributer.  The  piston  is  9iled  wher 
passing  under  oil  port,  as  shown  by  the  dotted  outline.  The  connecting  rod  is  longitu 
dinally  grooved  on  the  upper  surface,  so  as  to  carry  oil  to  the  bearings. 

Ques.     How  should  oil  be  selected  for  cylinder  lubrica- 
tion? 

Ans.     It  is  desirable  to  select  an  oil  that  will  deposit  as  littk 
carbon  as  possible. 

Ques.    Are  animal  oils  suitable  for  engine  lubrication! 

Ans.     Animal  oils,  such  as  sperm,  whale,  fish,  lard  and  neat'i 
foot  oils  are  sometimes  used  on  outside  bearings  of  heavii 
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machines,  but  for  high  speed  machinery  especially  gas  engines, 
with  the  accompanying  high  temperature,  they  should  not  be 
used. 

Oues.     What  kind  of  oil  is  generally  used  for  engine 
lubrication? 

Ans.     Mineral  oil  of  considerable  body  yet  of  high  fluidity 
and  cold  point. 


Fig.  2,825. — Gray  engine  lubrication  system.  The  oil  is  poured  into  the  reservoir  in  the  bottom 
of  the  engine  through  the  cap  opening  H,  in  the  top  of  the  crank  case.  The  pump 
PP,  forces  oil  to  all  working  surfaces  after  drawing  it  through  the  strainer  A,  at  bottom 
of  base.  A  large  pocket  J,  is  located  directly  over  each  crank  shaft  bearing  (these  pockets  can 
be  seen  by  looking  at  the  outside  of  the  engine)  and  catches  oil  from  the  feed  pipe  and  keeps 
the  main  bearings  bathed  in  oil  at  all  times. 

Oues.     What  qualifications  must  a  cylinder  oil  possess? 

Ans.  It  should  have  a  * 'flash"  point  of  not  less  than  360° 
Fahr.,  and  a  fire  test  of  at  least  420°,  together  with  a  specific 
gravity  of  25.8,  and  a  viscosity  of  175. 

Oues.     Why  must  the  oil  have  a  high  flash  point? 

Ans.     As  the  piston  rises  in  the  cylinder,  the  oil  is  deposited 


1,434 


GAS  ENGINES 


on  the  walls,  when  the  piston  moves  outward  the  oil  is  exposed 
to  the  heat  of  the  burning  gases.  The  length  of  time  during 
which  it  will  continue  to  lubricate  under  this  condition  will 
determine  the  value  of  the  oil. 

Oues.  Is  it  customary  to  use  any  other  than  mineral 
oil  on  the  bearings  when  a  common  lubricator  is  used  ? 

Ans.  Only  one  grade  of  oil  is  used,  and  this  is  selected  to 
suit  the  cylinders.  Oils  that  are  suitable  for  gas  engine  cylinders 
are  suitable  for  the  other  bearings. 


OIL 
GLASS 


Figs.  2,827  and  2,827. — Palmer  marine  engine  lubrication  system.  The  pump  forces  oil  from 
the  base  reservoir  through  the  pipe  I,  and  oil  glass  A,  falling  over  gears  B,  and  forward  crank 
bearings.  At  C,  oil  is  shown  dropping  from  gears  and  crank  bearings  to  the  forward  com- 
partment, oiling  crank  pin  bearing  D,  and  splashing  by  throw  of  connecting  rod  to  cylinder 
walls  and  wrist  pin.  The  centrifugal  motion  of  the  horizontal  gears  throws  the  oil  that 
drips  off  the  large  cam  gear  into  the  cam  bearing.  The  opposite  forward  cam  shaft  bearing 
has  a  recess  to  catch  the  oil,  supplying  the  bearings.  Partition  plates  and  oil  passages  main- 
tain a  uniform  level  of  the  oil.     The  circulation  is  continuous. 

Engine  Management. — This  includes,  not  only  the  necessary 
conditions  of  operation  and  control,  but  also  the  numerous 
mishaps  that  may  be  encountered,  as  those  arising: 

1.  From  faulty  construction,  which,  however  will  be  seldom 
experienced  with  well  made  engines. 
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2.  From  careless  or  ignorant  handling,  such  as: 

a.  Insufficient  lubrication; 

b.  Faulty  adjustments; 

c.  Exhaustion  of  the  fuel,  ignition  current,  or  jacket  water; 

d.  Racing; 

e.  Over  heating. 

3.  From  any  one  of  a  number  of  disorders  in  the  ignition 
apparatus. 

4.  From  poor  gasoline,  or  faulty  adjustment  of  the  carburetter. 

5.  From  worn  or  broken  parts. 

By  far  the  greater  proportion  of  gas  engine  troubles  result 
from  some  derangement  of  the  ignition  system. 

Second  in  importance  come  troubles  with  the  fuel  mixture. 

Again,  either  or  both  electrical  apparatus  and  carburetter 
may  require  attention. 

Before  Starting  the  Engine. — There  are  three  suppHes 
necessary  for  the  operation  of  a  gas  engine: 

1.  Fuel; 

2.  Lubricating  oil; 

3.  Circulating  or  cooling  water.* 
In  filling  the  gasoline  tank,  the  liquid  should  always  be  strained 

to  guard  against  the  carburetter  passages  becoming  clogged  by 
any  foreign  matter  that  may  be  contained  in  the  fuel.  A  chamois 
skin  or  wire  netting  with  very  fine  mesh  should  be  used  as  a  filter. 

After  filling  the  tank,  the  filler  cap  should  be  replaced  and  care 
taken  that  the  small  hole  in  the  center  of  the  cap  is  open  so  that 
air  may  be  admitted  as  the  fuel  is  used,  to  prevent  the  pressure 
within  the  tank  becoming  less  than  that  of  the  atmosphere. 

The  valve  on  the  fuel  supply  pipe  should  now  be  opened  and 


*  NOTE — Except  in  case  of  air  cooled  engines. 
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after  sufficient  time  has  elapsed  for  the  float  chamber  of  the  car- 
buretter to  fill. 

Next,  the  circulating  water  tank  should  be  filled  with  clean 
water.  Care  should  be  taken  with  the  water,  to  see  that  it  is 
free  from  any  foreign  matter  so  as  to  guard  against  the  passages 
of  the  cooling  system  becoming  obstructed. 

Before  starting  the  engine,  all  the  working  parts  requiring  lubrication 
should  receive  attention  and  in  all  particulars  it  is  well  to  adhere  to  the 
manufacturer's  instructions  in  the  performance  of  this  task. 


Fig.  2,828.-;— Sectional  view  of  Gilson  four  cycle  gasoline  engine  cylinder.  The  parts  are: 
1,  adjusting  nut;  2,  lock  washers;  3,  jam  nuts;  4,  piston;  5,  cylinder;  6,  piston  rings;  7, 
piston  bearing  oil  tube;  8,  piston  bearing;  9,  connecting  rod;  10,  cylinder  packing  ring;  11, 
water  jackets;  12,  water  inlet  and  outlet;  13,  intake  valve;  14,  cylinder  head;  15,  intake 
pipe;  16,  gasoline  needle  valve;  17,  gasoline  feed  pipe;  18,  gasoline  reservoir;  19,  gasoline 
level;  20,  overflow  pipe;  21,  check  valves;  22,  gasoline  pump;  23,  gasoline  suction  pipe; 
24,  pump  packing;  25,  packing  gland;  26,  pump  plunger;  27,  packmg  gland  regulating  nut. 

The  quality  of  lubricating  oil  required  for  gas  engine  cylinders  is  quite 
different  from  that  used  for  steam  engines.  Owing  to  the  high  cylinder 
temperatures  a  gas  engine  must  have  an  oil  possessing  a  high  fire  test.  As 
the  average  cylinder  temperatures  may  be  said  to  be  from  300  to  400 
degrees  Fahrenheit,  an  oil  should  be  used  having  a  fire  test  higher  than  the 
latter  figure;  the  flashing  point  should  not  be  less  than  400  degrees.  Air 
cooled  engines,  being  hotter  under  working  conditions  than  water  cooled, 
require  a  lubricant  capable  of  withstanding  higher  temperatures  than  that 
required  by  the  latter. 
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In  addition  to  the  attention  required  in  supplying  gasoline, 
water  and  oil  as  just  described,  it  is  necessary  before  starting  the 
engine  to  make  sure: 

1.  That  all  parts  of  the  lubricating,  system  are  in  working 
order,  all  connections  opened,  and  the  supply  of  oil  sufficient; 

2.  That  the  ignition  circuit  is  closed,  which  involves  examina- 
tion of  all  switches,  to  insure  certainty  that  they  are  on  the 
** closed"  point; 

3.  That  the  carburetter  control  levers  be  placed  in  position  for 


Pig.  2,829. — Method  of  grinding  valves  in  horizontal  oyHnders.  A  block  of  steel  B,is  held 
against  the  head  of  the  valve  V,  and  the  latter  rotated  on  its  seat  b>r  means  of  a  screw  driver 
blade  S  inserted  in  the  slot  in  the  stem,  the  face  having  been  previously  trued  by  a  truing 
tool.  In  cases  where  the  stem  of  the  valve  has  no  slot,  a  pair  of  gas  pliers  can  be  used  to 
grip  it,  being  careful  in  so  doing  not  to  mutilate  the  threads  thereon.  The  valve  may  be 
turned  by  a  piece  of  steel  wire  inserted  in  the  pin  hole. 

ensuring  the  richest  mixture  under  operating  conditions,  in  order 
that,  even  with  the  low  suction  at  starting,  sufficient  power  may 
be  obtained  for  a  good  headway.  A  rich  mixture  may  occa- 
sionally fail  to  ignite  at  starting,  but  a  weak  mixture  is  more 
often  at  fault. 

4.  That  the  spark  is  fully  retarded.  To  neglect  this  may  cause 
^'hack  kick''  at  cranking,  and  possibly  result  in  serious  injury  to 
the  operator. 
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Spark  and  Throttle  Adjustments  before  Starting. — On 

account  of  the  slow  speed  at  which  the  engine  is  turned  over  in 
crankingy  it  is  necessary  that  the  throttle  have  a  considerable 
degree  of  opening,  and  that  the  spark  be  fully  retarded  because  of : 

1.  The  weak  suction  of  the  piston  at  slow  speed; 

2.  The  need  of  ensuring  a  mixture  that  will  ignite  under  such 
conditions ; 

3.  The  danger  of  bodily  injury  from  a  **back  kick"  of  the 
engine,  which  is  liable  to  occur  with  an  early  spark  at  slow  speeds. 


Right  way 


Figs.  2,830  and  2,831. — Illustrating  right  and  wrong  methods  of  cranking  an  engine.  As 
ordinarily  practiced,  the  hand  is  so  placed  that  the  thumb  and  fingers  encircle  it.  Such  a 
method  is  decidedly  unsafe  should  the  operator  press  down  on  the  crank  and  a  back  fire  occur. 
The  correct  method  is  to  place  the  thumb  on  the  same  side  of  the  handle  that  the  fingers 
are  placed,  so  that  the  handle  is  not  entirely  encircled,  allowing  the  handle  to  slip  out  of 
the  grasp  when  it  is  being  pressed  down,  and  permitting  the  fingers  to  release  the  handle 
if  it  is  being  pulled  up,  at  the  time  of  the  back  fire.  In  cranking,  the  operator  should  begin 
by  pulling  up,  not  by  pushing  down,  as  is  almost  universally  done;  doing  it  the  latter  way 
indicates  either  ignorance  or  disregard  for  personal  safety. 


Starting  the  Engine. — If  the  engine  can  be  turned  over  by 
hand,  as  is  mostly  the  case  with  all  engines  below  twenty-five 
horse  power,  and  a  great  many  up  to  fifty  horse  power,  turn 
the  fly  wheel  backward  until  it  cushions,  then  forward  two  or 
three  quick  turns,  all  the  way  around,  and  the  engine  will  start. 

If  the  engine  is  to  be  started  by  compressed  air,  open  the  air 
cocks,  at  the  tanks,  so  as  to  fill  the  pipe  leading  to  the  engine  with 
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compressed  air.  When  gas  is  used  for  fuel,  open  the  gas  valve, 
and  immediately  thereafter,  the  compressed  air  cock  at  that 
cylinder  which  is  temporarily  used  to  run  the  engine  with  com- 
pressed air.  As  soon  as  good  explosions  occur  in  the  other 
cylinders,  shut  off  the  air  cock,  throw  in  the  inlet  cam  clutch  of 
the  starting  cylinder,  so  that  it  will  admit  gas  for  its  own  ex- 
plosions.    Care  should  be  taken  to  shut  off  the  air  cock  before 


Figs.  2,832  and  2,833. — Method  of  using  a  screw  driver  for  valve  grinding.  A  handful  of  waste 
or  a  cloth  is  put  in  the  valve  port  to  protect  the  cylinder,  and  the  valve  face  coated  with  a 
paste  of  the  emery  powder  and  oil  and  put  in  place.  The  handle  of  the  screw  driver  is  now 
held  between  the  palms  of  the  hands  as  in  the  sketch,  and  a  series  of  oscillations  through  a 
small  arc  given  to  the  valve  by  moving  the  palms  in  opposite  direction.  After  about  thirty 
of  these  oscillations  have  been  given,  the  valve  is  lifted  from  its  seat,  given  a  half  turn,  and 
reseated  for  further  grinding  in  the  same  manner.  This  operation  should  be  continued 
with  occasional  additions  of  oil  and  emery,  until  the  valve  face  and  the  seat  appear  to  be 
bright  for  their  full  width  around  the  circle.  Fig.  2,833  shows  a  good  form  of  handle  for 
use  in  grinding. 

Fig.  2,834. — Method  of  grinding  a  valve  with  a  drill  stock.  A  screw  driver  bit  is  inserted  in 
the  chuck  and  the  operation  conducted  as  in  the  case  where  a  screw  driver  is  used.  The 
crank  should  be  rocked  through  a  small  arc  instead  of  being  rotated.  The  spring  A,  is  fitted 
within  the  valve  chamber  to  unseat  the  valve  when  it  is  desired  to  examine  it , 
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the  inlet  cam  clutch  of  the  starting  cylinder  is  thrown  in,  other- 
wise this  cylinder  may  compress  a  charge  of  air  to  such  a  high 
pressure  that  it  will  reverse  the  piston  with  disastrous  conse- 
quences.        If  the  ignition  current  be  obtained  from  a  dynamo 

or  magneto,  turn  the  current  on 
from  the  dynamo,  and  cut  out  the 
battery  from  the  spark  coil  circuit . 
Pump  up  and  lock  the  air  tanks 
at  the  pressure  required  to  start 
the  engine.  The  pressure  varies 
according  to  the  type  and  horse 
power  of  the  engine,  and  ranges 
from  100  to  250  lbs. 

Spark  and  Throttle  Adjust- 
ments   after    Starting. — When 

the   engine  has    speeded  up,    the 
adjustments  must  be  changed : 

1.  The  spark  must  be  advanced. 

2.  The  throttle  opening  reduced. 
On    account  of   the  spark    and 

Fig.  2,835. — Allis-Chalmers  inlet  valve  and  bonnet  assembled  of  large  gas  engine.  The  inlet 
valves  are  located  at  the  top  of  each  cylinder,  the  exhaust  valve  at  the  bottom.  Each  inlet 
and  exhaust  valve,  together  with  its  seat,  guides,  operating  levers  and  spring  is  self-contained 
in  a  substantial  cast  iron  chamber  which  may  be  readily  removed  for  convenient  access  to 
these  parts.  A  special  rig  is  included  for  lowering  the  exhaust  chambers  and  swinging  them 
clear  of  the  cylinders.  The  valves  are  of  the  mushroom  or  poppet  type.  The  inlet  valves 
are  made  of  a  special  grade  of  cast  iron  with  forged  steel  stems.  Exhaust  valves  are  cast  in 
one  piece  and  are  cored  out  for  water  cooling.  The  valves  are  operated  by  eccentrics  on  a 
lay  shaft  driven  through  spiral  gears  from  the  crank  shaft,  the  throw  of  the  eccentrics  being 
transmitted  to  the  valves  through  rods  and  steel  rolling  levers . 

throttle  adjustments  necessary  before  starting,  the  engine  when 
started  will  begin  to  race  unless  it  be  fitted  with  a  governor,  hence 
the  operator  should  immediately  reduce  the  throttle  opening  and 
advance  the  spark.  If  there  be  a  mechanical  governor  on  the 
engine,  the  throttle  will  shut  down  automatically,  as  the  engine 
speeds  up. 
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Failure  to  Start. — Refusal  of  the  engine  to  take  up  the  cycle, 
even  after  prolonged  cranking,  is  a  familiar  experience. 

Unless  some  accident  has 
occurred,  or  a  very  unusual 
strain  has  been  thrown  upon 
the  working    parts,   the  in- 
ference is  that  some  element 
of  the  complicated  group  of 
mechanisms  •  is  out 
of  adjustment.     In 
most  cases  the  fail- 
ure to  start  is  due 
to  some  faulty  ad- 
justment or  defect 
of    the   carburetter 
or  ignition  system. 

Causes     of 
Failure    to 

^Starit.— In  start- 
ing the  engine, 
it  should  be  re- 
membered that 
a  few  rapid  turns 
of  the  fly  wheel 
will  do  more  to- 


FiG.  2,836. — Allis-Chalmers  cylinder  for  large  gas  engine.  Jn  con- 
struction, it  is  a  one  piece  casting  of  special  iron  with  water  jackets, 
mixing  chamber  and  gas  and  air  belts  cast  integral.  This  construction 
eliminates  all  unsightly  gas  and  air  piping  above  the  floor  line.  A 
renewable  lever  is  used  for  the  working  barrel.  The  liner  is  held  in 
the  cylinder  by  a  patented  locking  device  in  the  center  and  also  by  a 
shrink  fit  throughout  its  entire  length.     Hand  holes  are  provided  .      ,. 

leading  to  the  water  jacket  space  to  permit  inspection  and  cleaning    grtflUtflg. 
if  necessary. 


ward  starting  an 
engine  than  ten 
minutes   of  slow 


If  an  engine  show  good  compression  and  will  not  start  after  four  or  five 
turns,  it  is  useless  to  continue.  Assuming  that  all  the  preliminaries  to 
starting  have  been  carefully  observed,  the  probable  causes  of  trouble 
should  be  sought  in  the  ignition  system  of  carburetter. 

Defective  Spark  Plugs. — The  engine  will  not  start  when: 
1 .  The  plug  points  are  too  far  apart ! 
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2.  The  plug  is  short  circuited. 

3.  The  insulating  layer  of  porcelain  or  mica  is  broken  down. 

4.  There  is  much  fouling  between  the  plug  points. 

Fouling  may  consist  of  oil  or  soot.     Both  give  trouble  at  start- 
ing.    Fouling  with  soot  may  generalh^  be  removed  with  gasoline. 


Preventives  of  fouling  are: 

1 .  An  annular  space  between  the  core  insulation  and  the  outer 
shell  producing  a  vortex,  as  is  alleged, 
and  allowing  piston  suction  to  remove 
deposits. 

2.  An  auxiliary  spark  gap,  which 
will  generally  suffice  to  insure  a 
spark,  but  it  does  not  prevent 
fouling  between  the  spark  points. 
A  temporary  gap  may  be  made 
by     disconnecting     the      lead     wire 

Fig.  2,837. — Bosch  low  tension,  type  NO,  oscillating 
magneto  used  in  connection  with  mechanical  make 
and  break  igniters.  A  current  wave  being  produced 
by  each  oscillation  of  the  armature,  it  is  necessary 
to  drive  the  magneto  in  a  fixed  relation  to  the 
engine  crank  shaft.  The  magneto  trip  lever  should 
be  mechanically  connected  to  the  movable  igniter 
on   the   engine,    as   in   this   way    only   can   proper 

synchronism  be  obtained.  It  should  be  borne  in  mind,  however,  that  the 
type  "NO"  cannot  be  used  at  speeds  greater  than  250  ignitions  per  minute, 
and  where  a  greater  speed  is  desired,  the  type  "NR"  which  has  a  rotating 
armature,  should  be  used.  In  timing  the  magneto,  the  mark  on  the 
armature  should  register  with  the  proper  mark  on  the  dust  cover,  thus  making 
the  timing  for  either  rotation  extremely  simple,  in  that  it  requires  no  dis- 
assembling of  the  instrument.  Since  no  method  of  varying  the  timing  of 
the  spark  is  provided,  arrangements  to  this  end  should  be  made  in  the  tripping 
mechanism,  and  since  the  igniter  and  the  armature  are  driven  in  synchron- 
ism by  the  trip  lever,  the  instrument  is  always  operated  at  this  point  of  maxi-  

muni  efficiency  regardless  of  whether  the  spark  be  retarded  or  advanced.  In  order  to 
obtain  proper  results,  the  trip  lever  should  be  deflected  through  an  angle  of  30  degrees 
before  it  is  released,  and,  since  the  spark  is  produced  by  spring  action  rather  than  directly 
through  the  speed  of  the  engine  and  therefore  is  independent  of  the  latter,  no  battery  is 
necessary  for  starting,  and  in  ordinary  cases  one  turn  of  the  fly  wheel  will  be  sufficient, 
provided,  of  course,  that  a  proper  gas  mixture  be  present. 
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Fig.  2,838. — Bosch  low  tension,  type  NO,  oscillating 
magneto  used  in  connection  with  mechanical  make  and 
break  igniters.  A  current  wave  being  produced  by  each 
oscillation  of  the  armature,  it  is  necessary  to  drive  the 
magneto  in  a  fixed  relation  to  the  engine  crank  shaft. 
The  magneto  trip  lever  should  be  mechanically  con- 
nected to  the  movable  igniter  on  the  engine,  as  in  this 
way  only  can  proper  synchronism  be  obtained.  It 
should  be  borne  in  mind,  however,  that  the  type  "NO" 
cannot  be  used  at  speeds  greater  than  250  ignitions  per 
minute,  and  where  a  greater  speed  is  desired,  the  type 
"NR"  which  has  a  rotating  armature,  should  be  used. 
In  timing  the  magneto,  the  mark  on  the  armature 
should  register  with  the  proper  mark  on  the  dust  cover, 
thus  making  the  timing  for  either  rotation  extremely 
simple,  in  that  it  requires  no  disassembling  of  the  in- 
strument. Since  no  method  of  varying  the  timing  of 
the  spark  is  provided,  arrangements  to  this  end  should 
be  made  in  the  tripping  mechanism,  and  since  the 
igniter  and  the  armature  are  driven  in  synchronism  by 
the  trip  lever,  the  instrument  is  always  operated  at 
its  point  of  maximum  efficiency  regardless  of  whether 
the  spark  be  retarded  or  advanced.  In  order  to  obtain 
proper  results,  the  trip  lever  should  be  deflected  through  , 
an  angle  of  30  degrees  before  it  is  released,  and,  since 
the  spark  is  produced  by  spring  action  rather  than 
directly  through  the  speed  of  the  engine  and  therefore  „, 
is  independent  of  the  latter,  no  battery  is  necessary  for 
starting,  and  in  ordinary  cases  one  turn  of  the  fly  wheel 
will  be  sufficient,  provided,  of  course,  that  a  proper  gas  mixture  be  present. 

SETTING  SCREW 
^  ^SETTING  MARKS  ^  *  Fig.   2,839.— 

Else  mann, 
type  G4 ,  mag- 
neto  showing 
method    of 
timing    and 
special 
wrench.       Timing    the 
magneto;  As  the  spark 
occurs  when  the  primary 
circuit  is  broken  by  the 
opening  of  the  platinum 
contacts  in  the  make 
and  break  mechanism, 
>(    it  is  necessary  that  the 
rnagneto    will    be    so 
timed    that     at     full  . 
retard  position  of  the 
timing  lever  body,  the 
platinum  contacts  will 
open     when    the    re- 
spective piston  of  the 
engine  has  reached  the 

■  CABlEFASIENINGNur  *?S,r"  Tu^'^^ngiSI 
GAaeEFORADJUSTINO  ^Y ^'^'^^  T"!  P'.^*°° 
PLAT>NUM.CONTAaS  Xl^:^^-'^:-^ 

remove  distributor  plate  from  magneto  and  turn  the  driving  axle  of  the  armature  until  the 
setting  mark  on  the  distributor  disc  is  in  line  with  the  setting  screw  as  shown.  (For  clockwise 
rotation  use  mark  R,  for  counter  clockwise,  use  mark  L).  With  the  armature  in  this  position, 
the  platinum  contacts  are  just  opening,  and  the  metal  insert  of  the  distributor  disc  is  in  con- 
nection with  carbon  for  No.  1  cylinder.  The  driving  medium  must  now  be  fixed  to  the  arma- 
ture axle  without  disturbing  the  position  of  the  latter,  and  the  cables  connected  to  the  spark  plugs. 


WRENCH  FOR 


COPPER  BRUSH  FOR  SHORT 
CIRCUITING   IGNITION 
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of  the  plug  and  holding  its  end  at  a  sufficient  distance  to  allow 
a  visible  spark  to  leap  from  it  to  the  plug  core. 

If  this  prove  ineffective,  the  plug  should  be  unscrewed  and  ex- 
amined. Any  visible  fouling  may  then  be  removed  by  rubbing 
the  insulation  with  fine  sand  paper  until  the  bright  surface  of  the 
porcelain  is  visible,  taking  care  not  to  impair  the  surface. 

If  no  fouling  appear  the  plug  may  be  laid  upon  the  cylinder  or 
frame  so  that  its  case  only  is  in  contact,  and  thus  grounded,  and 
on  cranking  the  engine,  the  spark  may  be  seen  leaping  between 
the  points. 

If  a  spark  do  not  appear,  it  is  probable  that,  with  the  igni- 
tion circuit  in  working  order,  there  is  some  breakage  or  short 
circuit  in  the  body  of  the  plug.  This,  of  course,  necessitates  its 
removal  and  the  substitution  of  a  new  one.  If  a  good  spark  ap- 
pear, the  search  for  trouble  must  be  continued  to  other  parts. 

In  a  multi-cylinder  engine  a  defective  plug  may  sometimes  be 
located  by  touch,  that  is,  if  its  cylinder  has  been  missing  for  some 
time,  the  metal  of  the  plug  will  be  perceptibly  cooler  than  that  of 
the  other  plugs. 

Difficulty  in  Starting. — Sometimes  an  engine  will  start 
badly,  but  will  run  well  after  attaining  a  high  speed.  Among  the 
various  causes  which  contribute  toward  bringing  about  this  con- 
dition may  be  mentioned : 

1.  An  obstruction  in  the  jet  of  the  carburetter,  causing  trouble 
in  starting,  when  removed  by  the  suction  allows  the  engine  to 
speed  up  and  run  well  at  high  speed ; 

2.  A  too  weak  suction  in  starting;  this  may  be  remedied  by 
partially  closing  the  air  inlet  while  cranking,  or  giving  the 
throttle  more  opening; 

3.  Insufficient  tension  of  the  auxiliary  air  valve  spring. 

4.  T/i^  5^ar^  not  sufficiently  retarded. 
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Running  Down. — When  the  engine  starts  well,  runs  for  a 
while,  then  slows  down  and  stops,  there  are  several  conditions 
to  which  it  may  ordinarily  be  attributed.     Among  these  are: 

1.  Water  or  sediment  in  the  carburetter; 

2.  Loose  connections,  breakdowns,  or  any  other  disarriange- 
ment  of  the  ignition ; 

3.  A  weak  or  imperfectly  recuperated  battery,  frequently  the 
latter,  that  suddenly  fails  to  supply  current. 

4.  A  leak  in  the  water  jacket  that  admits  water  to  the  com- 
bustion space; 

5.  Seizing  or  gripping  of  the  piston  in  the  cylinder  on  account 
of  failure  of  the  cooling  system.  This  may  result,  in  a  water 
cooled  cylinder,  from : 

a.  Exhaustion  of  the  water; 

b.  Stoppage  in  the  pipes  or  pump ; 

c.  Breakdown  of  the  pump; 

d.  Failure  of  the  oil  supply. 

In  an  air  cooled  cylinder  seizing  may  result  from: 

a.  Insufficient  radiation    surface; 

b.  Obstructed  air  circulation. 

A  precisely  similar  method  may  be  followed  in  the  search  for 
a  missing  cylinder  of  a  three  or  six  cylinder  engine. 

A  missing  cylinder  may  also  be  found  by  the  low  temperature 
of  its  spark  plug  exhaust  pipe,  if  the  missing  be  long  continued. 

Misfiring  During  Operation. — Occasionally,  the  missing  of 
one  or  more  of  the  cylinders  will  be  noticed  during  the  operation 
of  the  engine.  This  trouble  may  be  recognized  by  irregularity 
of  motion,  gradual  slowing  down,  and,  generally,  by  after  flringy 
or  explosions  in  the  muffler.  If  the  trouble  cannot  be  located 
in  one  of  the  cylinders  the  inference  holds:  either  that  there. is 
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some  general  derangement  of  the  ignition  circuit,  or  that  the 
fuel  mixture  is  not  right. 

Running  with  Switch  Off. — A  peculiar  condition  in  engine 
operation,  sometimes  encountered,  is  the  running  of  the  engine 
after  the  switch  has  been  opened.  It  occasionally  happens  that 
the  switch  becomes  defective,  so  that  it  does  not  break  the  circuit 
when  in  its  "off"  position.  A  most  common  cause  for  running 
with  open  switch  is  red  hot  plug  points,  also  the  heating  to  incan- 
descence of  some  small  particle  in  the  cylinder,  either  loose  or 
attached  to  the  interior  surfaces. 

Pre-ignition. — An  incandescent  particle  or  overheated  cylin- 
der will  cause  an  engine  to  pre-ignite. 

Sometimes  the  rotor  arm  of  the  timer  wears  at  the  contact  point 
leaving  a  path  of  metallic  particles  on  the  ring  containing  the 
stationary  contacts,  thus  causing  the  current  to  flow  to  the 
stationary  contact  via  this  path  and  cause  ignition  to  occur  before 
the  proper  time. 

Loss  of  Power  Without  Misfiring. — The  chief  cause  for  an 
engine  to  fail  to  deliver  its  full  power  is  poor  compression.  A 
fuel  mixture  either  too  weak  or  too  strong  will  reduce  the  power 
of  the  engine. 

If  the  bearings  be  too  tight  there  will  be  a  loss  of  power  due  to  the. 
additional  friction  set  up;  bearings  when  too  tight  will  heat.  A  touch  of 
the  hand  will  give  indication  of  their  condition. 

Another  source  of  loss  of  power  is  a  defective  clutch  which  slips  and  does 
not  transmit  all  the  power  delivered  by  the  engine. 

Brake  rods  sometimes  get  out  of  adjustment,  allowing  the  band  to  remain 
in  contact  with  the  drum,  thus  absorbing  more  or  less  power. 
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CHAPTER  47 
OIL  ENGINES 


The  constantly  increasing  cost  of  gasoline  f,  has  caused  an 
insistent  demand  for  engines  that  can  operate  on  cheaper  fuels, 
such  as  kerosene,  heavy  oils,  etc.  This  demand  has  in  turn 
caused  manufacturers  to  give  serious  attention  to  the  subject  and 
many  of  the  difficulties  encountered  have  been  overcome. 

Oil. — In  its  broad  meaning,  oil  is  any  greasy  liquid  and  may 
be  of  animal,  vegetable  or  mineral  origin. 

Mineral  oil  is  any  oil  coming  from  the  interior  of  the  earth. 

Crude  oil,  technically  called  petroleum,  is  the  mother  product 
or  raw  material  just  as  it  comes  from  the  ground,  from  which 
the  oil  refinery  produces  all  of  its  many  products. 

Oil  refining  is  the  process  of  separating  the  various  grades  of 
mineral  oil  contained  in  crude  oil  from  the  impurities  therein 


*NOTE. — Everybody  is  wondering  why  gasoline  is  so  high  and  increasing  in  price,  and  at 
the  same  time  the  answer  is  apparent  to  everyone.  The  countless  number  of  automobiles 
that  are  decorating  the  highways  and  byways  of  this  land  and  that  seem  to  swarm  like  flies  all 
over  the  northern  and  southern  hemispheres,  is  constantly  increasing  every  year.  In  1911 
there  were  about  500,000  automobiles  in  use  in  the  United  States;  in  1912  about  800,000;  in 
1913  about  1,000,000,  and  in  1914  more  than  1,200,000.  In  addition  to  automobiles,  the 
number  of  motor  boats,  motor  cycles  and  other  gasoline  burning  engines  is  constantly  increas- 
ing. Out  of  a  gallon  of  petroleum  that  is  pumped  from  the  earth,  only  from  4  to  10%  is  avail- 
able for  gasoline,  whereas  the  same  gallon  of  petroleum  will  give  from  44  to  50%  of  kerosene, 
the  balance  being  made  up  of  benzine,  naphtha,  distillate,  also  heavier  oils.  Consequently, 
practically  half  of  the  product  of  distillation  is  kerosene,  while  but  10%  or  less  is  gasoline. 
In  other  words,  it  is  necessary  to  produce  from  four  to  ten  gallons  of  kerosene  to  produce  one 
of  gasoline.  There  is  not  the  market  for  kerosene  that  prevailed  in  other  days,  as  householders 
do  not  use  it  as  an  illuminant  in  anything  like  the  degree  in  years  gone  by,  and  outside  of  its 
use  as  an  engine  fuel  the  demand  for  kerosene  is  much  less  than  ever  before.  This  condition, 
together  with  the  large  amount  of  kerosene  that  is  produced,  accounts  for  its  low  price. 
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The  Make  up  of  Petroleum 
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Pig.  2,840. — The  various  products  obtained  by  the  distillation  of  petroleum.     In  the  process 
of  distillation  these  products  are  separated  according  to  their  boiling  points  as  indicated. 
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and  classifying  them  according  to  the  boihng  point  of  each  grade. 
In  practice  the  crude  stock  is  placed  into  a  large  vessel  called  a 
"still"  and  heated  until  all  the  oil,  or  as  much  of  it  as  the 
refiner  wants,  distills  out  in  the.  form  of  hot  vapor  or  gas,  which 
is  afterwards  condensed  into  a  liquid  state  by  cooling  the  vapor 
as  it  passes  through  coils  surrounded  by  cold  water.  Since  each 
commercial  oil  product  has  a  different  boiling  or  vaporizing  tem- 
perature from  any  other,  it  is  thus  easy  to  break  up  crude  and 
obtain  in  a  clear  refined  state  any  of  its.  constituents  by  taking 
out  the  lightest  products  first  and  then  heating  the  residue  to 
the  boiling  temperature  of  the  next  one  desired. 

Distillate  in  a  broad  sense  is  any  product  obtained  by  oil 
distillation.  Strictly  speaking  the  word  distillate  does  not  mean 
anything  except  that  it  is  a  clear  product  from  an  oil  distillery. 
Those  products  lighter  than  kerosene  are  usually  referred  to, 
however,  as  distillates;  those  as  heavy  as  kerosene  and  heavier 
are  usually  referred  to  as  oils,  although  they  are  distillates  as 
much  as  is  gasoline.     Distillate  oil  is  the  proper  name. 

Some  clear  refined  distillates,  arranged  in  the  order  of  their 
boiling  points,  are: 

Benzine. — A  product  lighter  and  more  carefully  refined  than  gasoline. 

Gasoline. — A  refinery  product  composed  of  a  mixture  of  the  various 
distillates  in  such  proportions  as  to  keep  the  density  between  56°  and  72° 
Baume. 

Petrol. — A  foreign  trade  name  for  gasoline. 

Benzol. — A  light  liquid  product  resembling  gasoline  which  is  obtained 
by  fractional  distillation  of  coal.  In  other  words,  a  "by  product"  from  gas 
works  and  bee  hive  coke  ovens. 

Motor  Spirits. — ^A  commercial  name  for  a  low  grade  gasoline  recently 
put  on  the  American  market. 

Naphtha. — Another  trade  name  for  cheap  gasoline. 

Distillate. — An  engine  fuel  before  given  a  commercial  name. 

Engine  Distillate. — Trade  name  for  kerosene  too  carelessly  graded  to 
be  safe  in  lamps.     (Gravity  around  40°  Baume.) 
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Solar  Oil. — Discolored,  carelessly  prepared  kerosene. 

Kerosene  or  Coal  Oil. — A  distillate  heavier  than  gasoline  and  lighter 
than  gas  oil,  bleached  white  and  having  a  flash  test  high  enough  to  pass  the 
state  oil  inspector. 

Gas  Oil. — A  distillate  oil  slightly  heavier  than  kerosene  and  usually  has 
an  amber  cast.     One  of  the  heaviest  refined  engine  distillates. 

Distillates  heavier  than  gas  oil  are  marketed  for  lubricating  oil  under 
various  trade  names.  Those  requiring  the  most  heat  to  gasify  and  conse- 
quently coming  off  last  are  sold  to  lubricate  hot  surfaces  such  as  engine 
cylinders  and  are  known  as  high  fire  test  luhncating  oils. 

Since  the  demand  for  lubricating  oil  is  limited,  only  a  small  portion  of  the 
crude  stock  is  worked  down  below  the  distilling  points  of  the  common  engine 
distillates  for  which  the  refiner  can  get  a  ready  market.  In  other  words,  he' 
takes  out  of  the  crude  those  products  his  orders  call  for  and  dumps  the 
residue  into  the  fuel  tank  and  sells  it  for  fuel  in  the  place  of  coal. 

Some  Cheap  Unrefined  Residual  Oils. — Since  these  oils 
are  scraps  from  the  refinery  and  crude  oils  from  the  different 
fields  vary  in  impurities  and  properties  and  different  batches 
of  crude  receive  different  treatment  to  supply  the  refiners'  de- 
mands, no  two  lots  of  fuel  oil  are  usually  similar  in  composition 
or  density. 

Fuel  Oil. — Any  unrefined  oil  that  will  do  to  burn  in  the  place  of  coal. 

Residium. — Another  name  for  fuel  oil. 

Tops. — Another  name  for  residium. 

Stove  Oil. — A  trade  name  used  in  the  West  for  fuel  oil. 

Star  Oil. — A  California  trade  name  for  fuel  oil. 

Tar  Oil. — An  oil  obtained  from  crude  coal  tar  in  the  coke  and  gas  manu- 
facturing industry. 

Holder  Oil. — Oil  that  condenses  in  the  gas  holder  tanks.  A  by-product 
from  city  gas  plants. 

Gravity  of  Oils. — The  standard  instrument  for  the  measure- 
ment of  the  density  of  oil  is  the  Baume  hydrorrieter.  The 
gravity  of  oils  should  be  taken  at  a  temperature  of  60°  Fahr. 
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A  rough  rule  for  determining  the  gravity  at  any  other  tempera- 
ture is:  For  every  10°  Fahr.  above  60°,  subtract  one  degree  from  the 
Baume  reading,  and  for  every  10°  below  60°,  add  one  degree. 

Example. — If  the  hydrometer  indicate  a  gravity  of  27.5°  B.  and  the 
temperature  of  the  oil  for  this  reading  be  75°  Fahr.,  the  temperature  then 
is  15°  above  60°,  and  the  correct  gravity  is 

15 


27.5° 


=  26°  B. 


By-Pas9 


Fig.  2,841. — Sectional  view  of  Monarch  marine  multiple  fuel  (gasoline,  kerosene)  engine  show- 
ing by  pass  valve  as  described  in  fig.  2,842.  Single  fuel  engine  section  would  be  the  same 
except  the  inlet  and  exhaust  manifold  pipes  would  be  different. 

In  case  the  hydrometer  indicate  a  gravity  of  24*  B.  at  a  temperature 
of  40°  Fahr.     Then  the  correct  gravity  will  be 

24  +  ^Q-^Q  =  26°  B. 

Formula  for  reducing  Baume  reading   (liquids  lighter  than  water)   to 
specific  gravity : 

140 

specific  gravity  = ; 

130  +  degrees  Baume 
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Thus: 


gravity  Baume  =  26  at  60°  F. 


specific  gravity  = 


140 


130  +  26 


=  .897 


Approximate  Weights  of  Petroleum  Oil 


Degrees 

Degrees 

Pounds 

Degrees 

Degrees 

^  Pounds 

Baume 

sp.  grav. 

in  1  gallon 

Baume 

sp.  grav. 

in  1  gallon 

10 

1.0 

8.33 

43 

.8092 

6.74 

11 

.9929 

8.27 

44 

.8045 

6.70 

12 

.9859 

8.21 

45 

.8 

6.66 

13 

.9790 

8.16 

46 

.7954 

6.63 

14 

.9722 

8.1 

47 

.7909 

6.59 

15 

.9655 

8.04 

48 

.7865 

6.55 

16 

.9589 

7.99 

49 

.7821 

6.52 

17 

.9523 

7.93 

50 

.7777 

6.48 

18 

.9459 

7.88 

51 

.7734 

6.44 

19 

.9395 

7.83 

52 

.7692 

6.41 

20 

.9333 

7.78 

53 

.7650 

6.37 

21 

.9271 

7.72 

54 

.7608 

6.34 

22 

.9210 

7.67 

55 

.7567 

6.30 

23 

.9150 

7.62 

56 

.7526 

6.27 

24 

.9090 

7.57 

57 

.7486 

6.24 

25 

.9032 

7.53 

58 

.7446 

6.20 

26 

.8974 

7.48 

59 

.7407 

6.17 

27 

.8917 

7.43 

60 

.7368 

6.14 

28 

.8860 

7.38 

61 

.7329 

6.11 

29 

.8805 

7.34 

62 

.7290 

6.07 

30 

.8750 

7.29 

63 

.7253 

6.04 

31 

.8695 

7.24 

64 

.7316 

6.01 

32 

.8641 

7.20 

65 

.7179 

5.98 

33 

.8588 

7.15 

66 

.7142 

5.95 

34 

.8536  • 

7.11 

67 

.7106 

5.92 

35 

.8484 

7.07 

68 

.7070 

5.89 

36 

.8433 

7.03 

69 

.7035 

5.86 

37 

.8383 

6.98 

70 

.7000 

5.83 

38 

.8333 

6.94 

75 

.6829 

5.69 

39 

.8384 

6.90 

80 

.6666 

5.55 

40 

.8235 

6.86 

85 

,6511 

5.42 

41 

.8187 

6.82 

90 

.6363 

5.30 

42 

.8139 

6.78 

95 

.6222 

5.18 
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Heat  Value  of  Pure  Oils  of  Different  Gravities 


Degrees 

Specific 

Weight 

B.t.u. 

B.t.u. 

(Baume.) 

gravity 

per  gallon 

per  pound 

per  gallon 

10 

1.0000 

8.33 

18280 

152,272 

12 

.9859 

8.21 

18400 

150,252 

14 

.9722 

8.10 

18520 

148,033 

16 

.9589 

7.99 

18640 

145,987 

18 

.9459 

7.88 

18760 

143,927 

20 

.9333 

7.77 

18880 

141,853 

22 

.9211 

7.67 

19000 

139,956 

24 

.9091 

7.57 

19120 

138,047 

25 

.9032 

7.52 

19180 

137,088 

EXHAU5T 


WARM  AIR 
PIPE       ^ 


KEROSENE  CHARGE 
HOT  AIR' 

GASOLINE  CHARGE 


COLO  AIR 

CONTROLLING 
BY  PA55  VALVE 


FLOAT  FEED  CARBURETTER 

Fig.  2,842. — ^Monarch  by  pass  as  used  on  Monarch  marine  multiple  fuel  engine.  This  three- 
way  valve  is  placed  above  the  carburetter  as  shown  and  directs  charge  when  placed  horizon- 
tally, through  cold  air  or  lower  pipe  for  gasoline,  or  when  set  vertically  through  annular  space 
around  hot  exhaust  pipe,  super-heating  and  gasifying  it  for  kerosene.  Charge  temperature 
may  be  regulated  by  adjusting  angle  of  by  pass  valve. 

Classification  of  Oil  Engines. — Numerous  types  of  oil 
engines  have  been  developed  in  order  to  utilize  the  various 
grades  of  fuel  oil,  each  type  possessing  certain  features  adapting 
it  to  the  use  of  a  certain  grade  or  grades  of  oil. 

In  general  the  simplicity  and  cost  of  the  engine  varies  inversely 
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( kerosene ; 


a.Lightoil{5fJSI; 

!  crude  oil, 
fuel  oil; 
tar  oil. 


2.     With  respect  to  method  of  fuel  supply,  as: 

a.  Carburetter; 

h.  Pump; 

c.   Pump  and  compressed  air. 


SIDE  View 


Pigs.  2,845  and  2,846. — End  and  side  views  of  R.  &  V,  Triumph  kerosene  engine  showing 
pre-heating  drum,  starting  chamber,  etc. 


3.     With  respect  to  ignition,  as  by 

a.  Electric  spark; 

b.  Heated  metal  (vaporizer); 

c.  Heat  of  compression. 


4.     With  respect  to  the  operating  cycle: 

a.  Two  (stroke)  cycle; 

b.  Four  (stroke)  cycle; 
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c.  Low  compression  { ^^^^^fn^Sf' 

.       (  combined  pump 

a.  Medium  compression^  and  air  injection 

(  or  semi' Diesel, 

e.  High  compression:   DieseU^ 


mi 


z::^ 


Fig.  2,847. — End  view  of  Fuller  &  Johnson  kerosene  engine.  The  engine  has  a  pnmmg  cup  and 
fuel  reservoir.  In  starting,  the  fuel  pump  is  hooked  up,  the  reservoir  filled  with  gasoline, 
a  priming  charge  is  drawn  into  the  cylinder  and  the  engine  started  on  battery  and  run  on 
low  tension  magneto.  Running.  Hot  air  is  supplied  by  the  heater  that  envelopes  the  ex- 
haust pipe,  thus,  with  the  engine  started  and  running  on  gasoline  and  using  hot  air  from 
the  heater,  only  a  few  minutes  of  running  are  required  before  the  engine  may  be  operated 
on  kerosene.  The  change  to  kerosene  is  made  by  simply  unhooking  the  pump.  This  per- 
mits the  pump  to  operate,  and  deliver  the  kerosene  into  the  reservoir  where  it  mixes  with 
the  gasoline,  and  the  fuel  is  gradually  changed  to  kerosene  with  no  throttle  adjustments. 
The  mixer  has  primary  and  secondary  air  supply.  On  light  loads  all  of  the  air  enters 
through  the  regular  air  opening;  on  heavy  loads  (one-half  to  full  load)  the  suction  of  the 
piston  automatically  opens  the  auxiliary  air  valve  through  which  the  additional  required 
air  is  supplied.  On  heavy  loads  this  cold  air  entering  through  the  auxiliary  valve  tends 
to  keep  constant  the  high  temperature  of  the  cylinder.  Water  injection.  To  avoid  ex- 
cessive high  temperatures  in  the  cylinder  when  the  engine  is  operating  on  heavy  loads,  water 
is  injected  along  with  the  mixture.  The  water  is  supplied  from  the  water  jacket  of  the 
cylinder  head,  and  is  conducted  by  a  short  pipe  (through  a  removable  screen)  to  the  water 
throttle.  The  water  injection  is  automatically  controlled  by  the  auxiliary  air  valve,  the 
water  entering  only  when  engine  is  under  load  (one-half  to  full  load).  The  injection  of 
water  tends  to  lower  the  cylinder  temperature,  and  to  prevent  formation  of  carbon.  Throt- 
ling  governor.  In  this  method  of  governing  the  speed,  the  engine  explodes  every  second 
revolution  of  the  fly  wheel,  and  the  surplus  heat  generated  by  the  successive  explosions  keeps 
the  cylinder  hotter,  that  is  at  a  more  economical  temperature  than  the  hit  or  miss  method. 
The  governor  maintains  constant  speed  by  varying  the  strength  of  the  explosions  in  pro- 
portion to  the  load;  that  is,  the  greater  the  load  the  wider  the  governor  valve  is  opened,  the 
greater  the  charge  taken  in,  the  higher  the  compression,  and  the  stronger  the  explosion. 

*NOTE. — Owing  to  the  importance  of  the  Diesel  engine  it  is  treated  in  a  separate  chapter. 
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Kerosene  Engines. — Kerosene  as  compared  with  gasoline, 
contains  more  carbon,  and  therefore,  if  proper  conditions  for 
combustion  be  provided,  it  should  burn  longer  thus  giving  more 
power  per  gallon. 

Kerosene  is  more  difficult  to  vaporize  than  gasoline  and  un- 
less proper  meth- 
ods have  been 
employed  in  the 
design  and  con- 
struction, an  en- 
gine will  not  give 
satisfactory  re- 
sults, especiall}^ 
under  light  loads. 
The  term  ker- 
osene engines  is 
here  used  to  de- 
note the  type 
whose  operation 
depends  on  pre- 
heating the  fuel 
for  the  mixture  as 
distinguished 
from  the  heavy^ 
fuel  types  in 
which  the  fuel  is 
injected  into  the 
cylinder  by  means 
of  a  pump. 

Engines  of  the  lat- 
ter class  however  will 
operate  on  4cerosene 
and  are  frequently 
used  with  that  grade 
of  oil. 


_^Xi  o  C  <U 
!:JrC<*-i 

<U  ^  0)  ««*h13^  cj 

Jl^^l  Is 

««  o  g:S  g  a  b  R  G  o-^  <u  o 
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Figs.  2,845  and  2,846  show  a  kerosene  engine  designed  to  operate  on  a 
pre-heated  mixture.  As  will  be  seen  there  is  a  carburetter  or  mixer  and  a 
heater. 

The  mixer  is  provided  with  two  fuel  nozzles  and  a  water  nozzle.  The 
engine  is  started  on  gasoline  and  run  on  kerosene  after  the  parts  have 
become  sufficiently  heated. 

The  water  nozzle  is  used  to  introduce  water  into  the  mixture  to  prevent 

_ -^ Grooves  for  Piston  Rings. 


Oif  Greece —•  - 


Figs.  2,849  and  2,850. — Sectional  views  of  Domestic  piston  and  connecting  rod  end,  showing 
unit  pin  adjustment,  oiler,  ring  and  oil  grooves. 

excessive  temperature  on  heavy  loads  and  to  furnish  by  dissociation  addi- 
tional oxygen  for  combustion. 

Kerosene  engines  should  preferably  be  of  the  throttling  governor  type 
in  order  to  insure  adequate  pre-heating,  because  this  is  not  so  well  main- 
tained in  the  hit  and  miss  type,  especially  on  light  load. 
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Pigs.  2,851  to  2,854. — Muncie  igniter  head,  igniter  spoon,  and  cylinder  disassembled  showing 
construction.  The  igniter  spoon  is  hollow,  having  a  flat  surface  on  forward  end  and  flange  on 
rear.  It  is  passed  through  the  opening  in  cylinder  head.  Over  this  is  placed  the  igniter 
head,  which  has  a  larger  flange  that  is  secured  to  the  cylinder  head  by  means  of  studs,  thus 
holding  the  spoon  firmly  in  place.  Between  the  joint  to  make  it  tight  and  hold  the  com- 
pression is  placed  a  copper  asbestos  gasket.  In  this  manner  there  is  made  a  complete 
passage  from  the  cylinder,  the  combustion  chamber,  through  the  spoon  and  into  the  igniter 
head.  _  Over  the  igniter  head  is  placed  a  cast  iron  hood,  lined  with  asbestos  to  hold  the  heat 
in  the  igniter  head. 


'iG.  2,855. — Muncie  low  compression  two  cycle  steam  scavenger  engine.  The  steam  for  the 
explosive  mixture  is  taken  into  the  combustion  chamber  in  the  form  of  water  spray  at  the 
same  time  as  the  air.  It  is  admitted  by  means  of  an  adjustable  valve  on  top  of  cylinder, 
called  the  bleeder  valve.  This  water  entering  the  combustion  chamber  and  changing  to 
steam  while  the  exhaust  port  is  yet  open  assists  the  incoming  air  to  more  thoroughly  sweep 
out  the  burned  gases.  The  fuel  is  not  put  into  the  combustion  chamber  until  both  ports 
have  been  closed  and  the  air  and  steam  have  been  partly  compressed  at  which  time  it  is 
forcibly  injected  into  the  hot  compressed  air  and  steam,  onto  red  hot  cast  iron  vaporizing 
surfaces  inside  of  the  combustion  chamber,  which  surfaces  are  kept  incandescent  by  the 
explosions.  The  heat  caused  by  compressing  the  air,  plus  the  heat  absorbed  from  the  hot 
surfaces  inside,  assisted  by  red  hot  cast  iron  for  any  liquid  globules  to  fall  onto,  is  sufficient 
to  gasify  any  oil  as  soon  as  injected  into  the  combustion  chamber.  The  red-hot  surfaces, 
in  addition  to  assisting  in  making  gas  out  of  the  oil  for  the  mixture,  also  automatically 
ignite  the  charge.  T|:ie  governor  controls  the  speed  by  regulating  the  length  of  the  fuel 
'  jction  pump  stroke,  thus  varying  the  richness  of  the  mixture. 
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Pig.  2,856. — Meitz  and  Weiss  low  compression  two  cycle  steam  scavenging  engine.  In  opera- 
tion, air  is  drawn  into  the  closed  crank  chamber  A,  from  the  interior  of  the  base  B,  through 
the  port  C,  in  the  lower  part  of  the  cylinder.  On  the  outstroke  of  the  piston,  this  air  is 
compressed,  and  the  opening  of  a  port  D,  by  the  piston,  allows  the  air,  together  with  the 
steam  generated  in  the  water  jacket,  to  pass  into  the  combustion  space  of  the  cylinder.  At 
the  same  time,  the  exhaust  port  E,  having  been  overrun,  and  thus  opened  by  the  piston, 
discharges  the  products  of  combustion  of  the  previous  charge  into  the  exhaust  pipe.  ^  The 
fuel  is  injected  into  the  cylinder  by  the  pump  F,  and  mixes  with  the  air  and  steam  previously 

•  admitted  from  the  crank  chamber,  so  that  on  the  instroke,  or  compression  stroke  proper  of  the 
piston,  the  charge  is  automatically  ignited  by  contact  with  the  heated  walls  of  theigniter  ball  G. 
Oil  storage  tanks  capable  of  holding  more  than  a  barrel  are  placed  underground  and  the 
engine  provided  with  a  small  pump  to  supply  the  reservoir  H.  In  most  cases,  the.  suction 
pipe  of  the  injector  pump  F,  can  be  connected  directly  to  the  storage  tank,  or  to  a  small 
tank  placed  on  the  floor  or  on  the  engine.  The  oil  pump  is  of  the  single  acting  plunger  type, 
the  suction  and  pressure  checks  being  screwed  into  the  pump  body.  A  small  lever  serves 
to  operate  it  by  hand  in  starting  the  engine,  and  to  draw  the  oil  in  case  the  pipes  are  not 
completely  filled.  During  continuous  running,  it  is  operated  by  a  rocker  arm  connected 
to  the  eccentric  through  the  plunger  guide  I.  The  spring  around  the  plunger  L,  forces 
it  back  to  the  short  spring  stop  of  the  guide.  To  stop  the  engine,  the  pump  lever  is  pulled 
back  while  a  pressure  is  exerted  on  the  small  projecting  pin  K,  at  the  side  to  lock  the  plunger 
guide  out  of  action.  Ignition  is  effected  by  means  of  a  hollow  cast  iron  ball  G,  located  in 
the  projection  attached  to  the  cylinder  head.  A  charge  is  formed  at  every  revolution  of 
the  crank  shaft  and  compressed  by  the  piston  into  the  compression  space  of  the  cylinder 
and  the  interior  of  the  igniter  ball,  where  it  is  promptly  ignited  when  the  piston  reaches 
the  dead  point.  Before  starting,  the  igniter  ball  is  heated  for  a  few  minutes  by  a  small  oil 
burner,  M.  The  oil  jet  from  the  injection  nozzle,  N,  strikes  the  projection  O,  extending 
from  the  igniter  ball  and  is  sprayed,  vaporized  rnd  mixed  with  the  air  and  steam  in  the  com- 
pression space.     The  igniter  ball  is  maintained  at  a  dull  red  heat  by  the  heat  of  the  explo- 
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Figs.  2,857  and  2,858. — Sectional  views  of  De 
La  Vergne  (type  HA),  low  compression,  four 
cycle,  pump  injection,  heavy  oil  engine.  In 
operation,  the  fuel  charge  enters  through 
the  inlet  valve  which  is  held  open  by  a 
suitable  cam  during  the  suction  stroke.  At 
the  beginning  of  the  return  stroke  of  the 
piston,  the  air  valve  is  closed  and  the  air 
thus  confined  in  the  cylinder  is  forced  through 
the  narrow  passage  shown  in  fig.  2,857  into 
the  vaporizer  and  compressed  to  about  75 
lbs.  pressure,  and  ignited  by  the  combined 
heat  of  compression  and  that  of  the  hot  walls 
of  the  vaporizer.  The  vaporizer  consists  of 
two  parts,  a  jacket  and  a  cap.  The  jacket 
is  bolted  to  the  cylinder  and  connects  with 
it  through  the  narrow  passage  shown  in  fig. 
2,857.  1  he  cap  consists  of  a  massive  gun  iron 
thimble,  heavily  ribbed  on  the  inside  to  in- 
crease its  surface  and  is  bolted  to  the  jacket. 
The  cap  i&  un jacketed  and  is  maintained  at 
a  high  temperature  by  the  combustion  of  the 
successive  charges  of  fuel  by  which  the  engine 
is  driven.  The  vaporizer  must  be  heated  to 
a  dull  red  heat  by  a  blast  lamp  before  the 
engine  is  started,  but  the  use  of  the  blast 
lamp  may  be  discontinued  as  soon  as  the 
engine  is  running.  The  power  and  exhaust  follow  in  regular  sequence.  The  exhaust  valve 
is  operated  by  a  lever  driven  from  the  cam  shaft,  located  under  the  cylinder  side  by  side  with 
the  lever  which  operates  the  air  inlet  valve.  The  exhaust  gear  is  such  that  when  starting, 
the  compression  may  be  relieved  by  shifting  the  exhaust  cam  on  the  cam  shaft.  The  gover- 
nor controls  the  speed  by  regulating  the  amount  of  oil  fed  to  the  vaporizer  in  proportion 
to  the  work  to  be  done.  This  engine  will  not  only  run  successfully  on  kerosene  or  any  of 
the  various  crude  oils  produced  in  the  Eastern  and  Middle  States,  but  almost  all  of  the  so- 
called  distillates,  and  residual  fuel  oils,  24°  Baume  or  lighter,  may  be  employed. 
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Low  and  Medium  Compression  Heavy  Oil  Engines. — 

For  perfect   combustion   of  heavy   oils,   the  following  are  the 
essential  conditions : 

1.  An  abundance  of  oxygen; 

2.  Perfect  atomization  of  the  fuel,  so  as  to  expose  a  large 
surface  of  the  oil  to  the  action  of  the  oxygen; 

3.  Efficient  distribution  of  the  atomized  fuel  with  the  air 
charge; 


Average  Area  of  DiagTam8« 

1.33  Sq.  In. 
Length, 2. 80  Inches 
Spring,  100  Lbs, 
Average  M.E.P.  = 
^^  X  100=47.5  Lbs. 


Aim 

*.  Suction 

Fig.  2,859. — Indicator  diagram  of  the  De  LaVergne  (type  HA)  low  compression  four  cycle  pump 
injection  heavv  oil  engine. 


4.     Highly  heated  vaporizer  chamber. 

These  conditions  may  be  produced  in  either  two  or  four  cycle 
operation. 

Fig.  2,856  is  an  example  of  low  compression  two  cycle  heavy  oil  engine  anc 
shows  one  arrangement  of  the  vaporizing  chamber. 
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In  operation  oil  is  sprayed  into  the  vaporizer  immediately  after  the 
completion  of  the  exhaust  stroke  at  the  same  time  that  the  oil  is  vaporized 
by  the  hot  walls  of  the  combustion  chamber. 

On  the  return  stroke,  the  air  is  forced  into  the  combustion  chamber,  and, 
mixing  with  the  oil  vapor,  is  compressed  with  it,  being  ignited  at  the  end 
of  the  stroke.  The  vaporizer  here  mentioned  may  be  called  an  internal 
vaporizer  as  distinguished  from  an  external  vaporizer  or  preheater  as  used 
on  kerosene  engines.* 

In  the  four  cycle  type  of  heavy  oil  engine  the  essential  require- 
ments just  mentioned  are  fulfilled  as  follows: 

Suction  Stroke, — Admission  of  a  full  charge  of  air  into  the  vaporizer 

and  cylinder. 

Compression  Stroke. — Compression  of  the  air  charge  to  150  lbs. 
pressure  (more  or  less).  Near  the  end  of  the  stroke,  the  oil  is  injected  into 
the  vaporizer  in  the  form  of  spray  by  the  fuel  pump.  Coming  into  contact 
with  the  heated  air,  rich  in  oxygen,  and  striking  the  hot  surface,  vaporizes 
and  ignites. 


200  LBS.  SPRING 
CARD  AREA .95      LENGTH  2-9 
6QJ  8.KP  LOAD    2$0  R.P.M. 


Fig.  2,860. — Indicator  diagram  from  Venn-Severin  type  K  medium  compression  two  cycle  oil 
engine. 


*N0TE. — One  of  the  main  difficulties  encountered  in  the  use  of  external  vaporizers  or 
mixture  pre-heaters  in  oil  engines  is  due  to  the  fact,  that,  the  process  of  vaporization  requires 
the  raising  of  the  temperature  of  the.  oil  vapor  and  the  air  with  which  it  is  mixed  to  a  tempera- 
ture ranging  from  250°  to  300°  Fahr. ,  at  atmospheric  pressure.  As  a  result,  the  specific  gravity 
of  the  charge  is  greatly  reduced,  so  that  a  given  volume  contains  a  less  number  of  thermal 
units  than  when  it  is  at  atmospheric  temperature,  and  furthermore,  the  consequent  higher 
initial  temperature  results  in  a  higher  compression  temperature  for  a  given  pressure  than  that 
attained  in  the  case  of  a  gas  engine.  The  total  result  is  a  higher  temperature  throughout 
the  cycle  and  a  greater  loss  of  heat  through  the  cylinder  walls  than  is  the  case  when  the  charge 
is  admitted  to  the  cylinder  at  atmospheric  temperature.  The  combined  effect  of  these  condi- 
tions is  the  imposition  of  an  early  limit  to  the  compression  ratio,  on  account  of  the  increased 
lability  to  premature  ignition  due  to  the  higher  compression  temperature  and  the  lower  igni- 
:ion  temperature  of  the  oil  vapor,  as  compared  to  those  involved  in  the  use  of  coal  gas.  En- 
gines which  do  not  use  external  vaporizers  possess  the  inherent  disadvantages  of  a  higher  com- 
jression  pressure  accompanied  by  a  lower  explosion  pressure  than  those  attained  by  engines 
)f  the  vaporizer  type.  This  indicates,  that  for  a  given  size  cylinder  and  a  given  quality 
)f  fuel  „  the  mean  effective  pressure  and  consequently  the  power  developed  will  be  considerably 
ower  ia  the  former  than  in  the  latter.  ■  "^ 
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PILOT  VALVE 


FVLL  LOAD 


Figs.    2,861  to  2,863.  — Raabe 

variable   compound     compres- 
sion,    scavenging,    reversible, 
marine  oil  engine.      The  easy 
working  cycle  and  special  valve 
gear  permit  a  wide  speed  range, 
thus  adapting    it   to   lighters, 
tugs  and  other  heavy  working 
boats  requiring  quick  control  in 
manoeuvring  around  docks,  etc. 
The  indicator  cards,  figs.  2,862 
and  2,863,  show  full   and   no 
load  operation.    There   is  one 
impulse  per  revolution  as  in  an 
ordinary  two  stroke  cycle  en- 
gine ,  although  the  actual  cycle 
of  this  engine  places  it  in  a 
class  by  itself.    The  engine  will 
run  on  the  heaviest  grades  of 
fuel  oil  including  tar  oil  with 
greater  economy   (as  claimed) 
than  the  Diesel  and  permit  a 
speed     variation    from    rated 
speed  to  less  than  5%  of  rated 
speed.     For^  heavy   duty    the 
weight  and  size  of  these  engines 
is  less  than  50%  and  for  high 
speed    work    such    as    yachts 
torpedo  boats,  etc.,  less  than 
25%  of  that  of  Diesel  engines  of 
equal  capacity.  In  operation, 
the  oil  is  fed  to  the  fuel  valve 
by  the  fuel  pump  and  fuel  valve 
transforming  the  oil  into  an  al- 
most  perfect  gas    during    the 
charging  period  of  the  combus- 
tion chamber  where  it  is  mixed 
with  the  air  previously  admit- 
ted during    s'^avenging.     This 
explosive  mixture  is  then  ignited 
by  electric  ignition  as   in    an 
ordinary  gas  engine  and  perfect 
combustion  is  obtained ,  due  to 
the  perfect  transformation    of 
of  the  oil  from  the  liquid  to  the 
gaseous   state.     In  starting, 
the  fuel  atomizer  is  electrically 
preheated;  afterwards  this  heat 
IS  maintamed  by  combustion. 
The  danger  of  premature  explosions  isiclimi- 
nated  by  the  compound  compression  system. 
Most  of  the  scavenging  air  enters  the  cylinder 
by  the  patented  induction  system  which  elimin- 
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Fig.  2,864. — De  La  Vergne  (type  DH)  medium  compression  four  cycle  pvimp  injection  heavy 
oil  engine. 


Fig.  2,865. — Sectional  view  of  Besse- 
mer two  cycle  oil  engine  fuel  pump. 
In    operation,   during  the  out- 
stroke  of  the  horizontal   plunger 
the  suction  valve  opening  into  the 
top  of  the  pump  chamber  is  held 
open  by  its  operating  cam  through 
the  rod  and  bell  crank  shown  at 
the  top  of  the   pump,  the  cam 
itself  being 
mounted  on  the 
crank    shaft. 

During  this  time 

2       ^^  excess  charge 
H       of  oil  is  drawn 
into    the   cylin- 
der.      As    the 
pump    eccentric 
reaches  its  dead 
center  and  starts 
the  plunger  on  the  instroke,  the  suction  valve 
is  held  open  and  oil  is  by  passed  back  into  the 
air  chamber  (not  shown)  on  the  suction  pipe. 
Just  6  to  8  degrees  before  mid-stroke,  the  cam 
.  .  presents  a  fiat  surface  to  the  roller  which  takes 

off  the  motion,  allowing  a  very  rapid  closure  of  the  suction  valve,  while  the  continued  advance 
of  the  plunger  forces  the  lower  or  discharge  valve  open,  delivering  oil  to  the  combustion 
chamber  for  a  period  of  12  to  16  degrees,  which  is  terminated  by  the  re-opening  of  the  upper 
valve  by  the  cam  motion  again  allowing  the  oil  to  by  pass.  By  the  use  of  a  cam  controlled 
injection  period,  the  timing  of  the  injection  is  determined  independent  of  the  governor. 
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Usually  the  air  valve  opens  a  few  degrees  before  exhaust  closes  and  a  charge 
of  fresh  air  is  sucked  into  the  vaporizer  by  the  out  rushing  exhaust  gases 
thus  completing  the  scavenging. 

Fig.  2,864  is  an  example  of  heavy  oil  engine  of  the  medium 
compression  type,  and  fig.  2,860  a  typical  indicator  card  of  a 
medium  compression  engine. 

Semi-Diesel  Oil  Engines. — This  classification  is  applied  to 
engines  of  the  medium  compression  heavy  oil  type   in  which 
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Fig.  2,868. — Comparison  of  indicator  cards  showing:    1,  high  compression  cycle;  2,  De  La 
Vergne  compression  cycle,  and  3,  high  compression  cycle  with  faulty  spray  valve  adjustment.' 

NOTE. — How  to  start  a  low  compression  two  cycle  oil  engine.  Previous  to  starting 
the  engine,  the  igniter  head  is  heated  a  few  minutes  by  means  of  a  gasoline  blow  torch,  oil  burner, 
gas  burner  or  any  other  convenient  method.  When  the  igniter  head  is  sufficiently  heated  and 
with  the  pist-on  in  proper  position  (ports  closed)  simply  give  the  starting  lever  on  the  fuel 
pump  a  couple  of  sharp  strokes  to  inject  the  initial  charge  of  fuel  into  the  combustion  chamber. 
Then  (in  starting  by  hand)  reverse  flywheel  quickly,  against  compression,  which  compresses 
and  ignites  the  charge,  and  the  engine  is  under  way,  the  fuel  injection  and  ignition  occurring 
thereafter  automatically.  In  starting  by  air  set  the  flywheel  so  that  the  crank  is  just  above 
back  center,  upon  which  a  quick  opening  and  closing  of  the  lever  handle  throttle  admits 
sufficient  volume  of  air  which  under  expansion  quickly  drives  piston  forward,  setting  flywheel 
in  motion.     After  starting  the  torch  or  burner  is  extinguished. 
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the  fuel  is  injected  by  the  combined  pump  and  compressed  air 
method.  Engines  of  this  class  like  those  of  the  preceding  type 
depend  on  the  combined  heat  of  compression  and  that  of  the 
vaporizer  for  ignition. 


Fig.  2,870. — Cross  section  through  cyHnder  ot-  De  La  Vergne  (type  FH)  semi-Diesel  engine 
showing  combustion  chamber  and  valves.  In  starting,  the  combustion  chamber  is  heated  by  a 
blast  lamp  for  from  7  to  15  minutes  and  discontinued  when  the  engine  starts.  The  combus- 
tion of  the  fuel  then  maintains  the  chamber  at  the  proper  temperature.  The  engine  is  started 
automatically  by  admission  of  the  air  from  the  air  tanks  furnished  for  that  purpose.  To 
start,  heat  combustion  chamber  with  the  blast  lamp,  place  crank  in  starting  position  and  open 
the  air  cock.  A  cam  on  the  lay  shaft  then  successively  opens  and  closes  the  starting  valve 
at  the  proper  times.  When  combustion  has  commenced  and  the  engine  begins  to  gather 
speed,  the  air  cock  should  be  closed.     To  stop,  cut  off  the  supply  of  fuel. 


The  operating  cycle  requires  four  strokes  as  follows: 

Suction  Stroke. — Admission  of  a  full  charge  of  air  into  the  cylinder. 
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Compression  Stroke. — Compression  of  the  air  charge  into  the  com- 
bustion space  to  250  lbs.  (more  or  less).  At  or  near  the  end  of  the  com- 
pression stroke,  the  fuel  oil  is  delivered  to  the  spray  valve  by  the  fuel  pump 
and  blown  into  the  cylinder  by  air  furnished  by  a  compressor  at  a  pressure 
above  that  due  to  compression  in  the  engine  cylinder.  The  charge  thus 
injected  into  the  cylinder  being  ignited  by  the  heat  of  compression. 

Power  Stroke. — The  resulting  pressure  of  combustion  drives  the  piston 
forward,  transmitting  energy  to  the  fly  wheel. 

Exhaust  Stroke. — The  burnt  gases  are  expelled  from  the  cylinder. 


Figs.  2,871  to  2,874. — De  La  Vergne  (type  F.  H.)  semi-Diesel  engine,  pulverizer  or  spray- 
valve.  Fig.  2,871 ,  assembly  in  casing;  fiig.  2,872,  stuffing  box;  fig  2,873,  atomizer;  fig.  2,874, 
spray  valve  assembled. 
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CHAPTER  48 
DIESEL   ENGINES 


Rudolph  Diesel,  a  German  engineer,  aiming  to  increase  the 
efficiency  of  internal  combustion  engines,  found  from  purely 
theoretical  consideration  that  the  highest  efficiency  would  be 
realized  by  carrying  out  in  practice  the  ideal  Carnot  cycle.* 

To  approximate  as  nearly  as  possible  to  this  cycle  Diesel 
devised  a  cycle,  the  unique  features  of  which  he  describes  in  his 
treatise  ''The  Rational  Heat  Motor,"  as  follows: 

''The  characteristics  of  the  working  cycle,  as  deduced  from  one  theory 
of  combustion  are: 

"1.  Production  of  the  highest  temperature  of  the  cycle,  not  by  and 
during  combustion,  but  before  and  independently  of  it,  solely  by  compres- 
sion of  air,  or  of  a  mixture  of  air  and  gas. 

''2.  Gradual  introduction  of  the  pulverized  combustible  into  the  com- 
pressed and  heated  air  during  part  of  the  stroke  of  the  piston,  and  in  such 
a  way  that  combustion  produces  no  increase  in  temperature  of  the  gases. 
Hence  the  combustion  curve  obtained  is  as  nearly  as  possible  isothermal. 
After  ignition,  combustion  is  not  left  to  itself,  but  is  regulated  by  external 
mechanism  throughout  its  course,  and  {he  right  proportions  are  thus  estab- 
lished between  the  pressures,  volumes  and  temperatures  of  the  gases. 

"3.  Choice  of  the  right  weight  of  air  in  proportion  to  the  heat  value  of 
the  combustible,  the  temperature  of  compression  (and  of  combustion)  being 


*NOTE. — In  the  Carnot  cycle,  a  working  fluid  at  a  given  temperature  and  volume  expands 
while  doing  work  and  receiving  heat  sufficient  to  maintain  it  at  constant  temperature.  When 
the  addition  of  heat  ceases  the  expansion  continues  adiabatically,  the  temperature  falling  to 
the  lowest  point  of  the  cycle.  During  the  return,  heat  is  withdrawn  in  proportion  to  the  re- 
duction in  volume,  and  the  curve  is  again  isothermal.  The  compression  is  adiabatic,  and  in 
the  true  Carnot  cycle  the  gas  is  returned  to  its  original  volume  and  temperature. 
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previously  so  determined  that  the  working  of  the  engine,  lubrication,  etc., 
can  be  carried  out  without  cooling  the  cylinder. 

"We  need  scarcely  say  that,  in  practice,  these  conditions  can  hardly  be 
realized.  In  working  engines  the  corners  of  the  indicator  diagrams  are 
more  or  less  rounded,  the  curve  of  combustion  is  not  perfectly  isothermal 
and  under  given  conditions  a  certain  increase  in  temperature  or  pressure 
will  be  caused  by  combustion.  This  rise,  however,  is  slight  in  comparison, 
with  that  previously  produced  in  the  temperature  and  pressure  of  the  gases 
by  compression.     Nor  do  these  differences  affect  the  principle  of  the  cycle." 


-INJECTION  E.NOS 
INJECTION    &E.6IN3 


'^ATMO SPHERIC   LINE 


K-SUCTiON 


Fig.  2,875.— Typical 
indicator  card  of 
Diesel  four  cycle 
engine.  It  will  be 
noted  from  the 
diagram  that  the 
pressure  range  and 
mean  effective  pres- 
sure is  much  greater 
than  in  other  en- 
gines which  ac- 
counts for  the 
massive  construc- 
tion. 


The  Diesel  cycle  may  be  completed  in  either  two  or  four 
strokes,  the  latter  being  the  prevailing  practice.  Briefly  the 
four  stroke  Diesel  cycle  is  as  follows : 

Suction  Stroke. — Admission  of  air  into  the  cylinder. 

Compression  Stroke, — Compression  of  the  charge  of  air  to  about  500 
lbs.  pressure  which  causes  its  temperature  to  rise  to  about  1,000°  Fahr. 

As  this  pressure  is  reached  gradually  it  does  not  cause  a  shock  to  the  engine,  such  as 
an  explosion  to  the  same  pressure  would  give. 
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3.  Sprayer  or  pulverizer; 

4.  Air  compressor ; 

5.  Valve  gear  and  connections. 

These  essential  parts  are  shown  in  the  schematic  diagram, 
fig.  2,877,  showing  arrangement  of  the  Allis-Chalmers  Diesel 
engine. 

Diesel  engines  are  manufactured  in  both  vertical  and  hori- 
zontal types. 


.Fig.  2,878. — Cross  section  through  valve  gear  of  Allis-Chalmers  Diesel  engine. 


The  advantages  of  the  horizontal  engine,  as  enumerated  by  a  concern 
with  ^n  established  reputation  as  builders  of  vertical  engines  are:  Lower 
price;  easy  survey  and  convenient  attendance;  better  distribution  of  stress- 
es on  the  crank  shaft  and  main  bearings;  better  lubrication  of  bearings; 
better  lubrication  of  piston;  easier  cleaning  and  repair  work,  especially  to 
pistons  which  can  be  taken  out  without  removing  the  cylinder  head  and 
the  valve  gear;  reduced  height  of  engine  room,  as  all  pipes  are  laid  in 
trenches  under  the  floor  and  do  not  obstruct  the  room. 
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Regardless  of  the  merits  of  the  two  types  the  fact  remains  that  the 
majority  of  Diesel  engines  are  of  the  vertical  type. 

The  Cylinder. — The  usual  jacketed  cylinder  is  employed  in 
the  Diesel  engine,  though  it  is  somewhat  longer  than  the  ordinary 
cylinder  to  accommodate  the  extended  piston.     The  cylinder 


Fig.  2,880. — Transverse  section  through  cylinder  head  of  the  National  Diesel  engine  showing 
valves  and  valve  gear.  The  inlet  and  exhaust  valve  seats  are  not  cast  in  the  head.  The 
inlet  valve  seat  is  formed  in  the  inlet  cage  and  being  located  above  the  exhaust  makes  it 
possible  to  withdraw  the  exhaust  valve  by  removing  the  inlet  valve  casing.  Both  inlet 
and  exhaust  valves  are  vertical.  The  valve  heads  are  of  cast  iron,  fastened  to  open  hearth 
steel  valve  stems.  Both  valves  are  operated  by  rockers  and  wipers,  which  receive  their 
motion  from  a  single  eccentric. 


head,  which  is  also  water  jacketed ,  contains  the  inlet  valve,  exhaust 
valve,  air  starting  valve,  and  fuel  sprayer.  Figs.  2,879  and  2,880, 
which  are  respectively  longitudinal  and  transverse  sectional  views 
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of  the  National  engine  show  the  construction  and  general  arrange- 
ment of  these  parts. 

Fuel  Pump. — This  is  usually  of  the  single  acting  plunger  type, 
being  driven  by  an  eccentric  or  cam  from  the  valve  shaft.     For 


Fig.   2,881. — Cylinder  head  of  the   National  Diesel  engine.     It  carries  the  inlet,  exhaust,  ai^ 
.    starter  and  fuel  sprayer  valves,  and  is  provided  with  liberal  water  jackets.     Note  the  sub- 
stantial construction  as  indicated  by  the  numerous  holes  in  the  flange  for  large  bolts. 


Fig.  2,282.— Piston  of  National  Diesel  engine.  The  piston  is  of  the  trunk  type,  of  sufficient 
length  to  insure  a  low  unit  bearing  |)ressure  on  the  cylinder  walls.  Its  length  and  the  fact 
that  nine  rings  are  provided  will  indicate  forcibly  the  severe  conditions  imposed  by  the  Diesel 
cycle,  requiring  very  massive  and  substantial  construction. 


multi-cylinder  engines,  a  separate  pump  is  provided  for  each 
cylinder.     The  capacity  of  the  pump  is  made  considerably  more 
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than  is  necessary  to  allow  for  possible  leakage  combined  with 
heavy  overload. 

Sprayer  and  Pulverizer. — The  efficiency  of  the  engine  de- 
pends largely  upon  the  effectiveness  with  which  this  device 
atomizes  the  fuel,  as  for  proper  combustion  the  fuel  must  be 
injected  into  the  cylinder  in  a  very  finely  divided  state. 

There  are  various  types  of  sprayer  and  much  time  has  been  given  to  the 
development  of  this  part  as  it  is  a  vital  element  of  the  engine. 


Figs.  2,884  to  2,886. — Sprayer  dissembled  of  National 
Diesel  engine.  The  sprayer  is  of  the  open  nozzle 
type,  and  is  located  in  the  extreme  outer  end  of 
the  combustion  chamber.  Fuel  oil  from  the  main 
fuel  pump  is  deposited  in  the  open  channel  of  the 
sprayer  body;  as  §oon  as  the  valve  controlling  the 
compressed  injection  air  opens,  this  oil  is  injected 
into  the  combustion  chamber  thoroughly  atomized, 
and  is  ignited  by  the  heat  of  the  compression. 


Fig.  2,883. — Governor  and  main  fuel  pump  of  National  Diesel  engine.  These  two  devices  are 
mounted  together  on  the  side  of  the  main  frame.  The  fuel  pump  is  driven  by  an  eccentric 
on  the  lay  shaft.  The  pump  plunger  is  of  the  differential  type,  the  upper  or  larger  part 
being  hollow  and  having  a  cut  off  valve  seated  at  its  upper  end.  This  cut  off  valve  is  vmder 
direct  control  of  a  Johns  governor.  The  plunger  has  a  full  positive  stroke  with  each  revolu- 
tion of  the  lay  shaft.  Governing  is  effected  by  allowing  the  cut  off  valve  to  seat  at  a  prede- 
termined point  in  the  up  stroke  of  the  plunger,  thus  delivering  to  the  sprayer  a  quantity  of 
oil,  correctly  proportioned  to  the  load  which  the  engine  is  carrying.  The  governor  is  driven 
by  spiral  gears  from  the  lay  shaft. 
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Fig.  2,887. — ^View  of  Allis-Chalmers  Diesel  engine  showing  governor  with  casing  removed.  The 
governor  controls  the  amount  of  fuel  oil  supplied  to  the  nozzle,  this  being  accomplished  by- 
varying  the  effective  stroke  of  the  pump  plunger  by  means  of  a  by  pass.  A  spring  return  on 
the  suction  stroke  keeps  the  plunger  always  in  contact  with  the  roller  on  the  driving  lever, 
insuring  uniform  motion  free  from  shock.  Since  the  open  nozzle  does  not  require  the  oil  to 
be  delivered  against  pressure,  the  pump  is  simply  a  measuring  device. 
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In  one  arrangement  the  movement  of  the  fuel  valve  is  very  slight,  giving 
a  narrow  annular  opening  for  the  entry  of  the  oil.  Surrounding  the  valve 
spindle  is  a  series  of  brass  washers  perforated  parallel  to  the  spindle  by 
numerous  small  holes.  The  oil  is  pumped  into  the  space  around  the  valve 
spindle  near  its  middle,  and  by  capillary  action  finds  its  way  between  the 
washers  and  into  the  perforations.  The  air  for  fuel  injection  is  admitted 
through  another  pipe  into  the  same  space,  but  behind  the  oil,  and  because 
of  its  high  pressure  blows  the  oil  in  a  very  finely  divided  state  into  the 
cylinder  when  the  valve  opens. 

Governor. — The  amount  of  oil  fuel  injected  into  the  cylinder 
is  regulated  by  the  governor  which  controls  the  time  of  opening 


Fig.  2.888.— Crank  shaft  of  National  Diesel  engine.  It  is  made  of  open  hearth  steel,  forged 
under  hydraulic  press.  Counterweights  of  suitable  proportions  are  bolted  to  the  crank  web 
and  lubrication  of  the  crank  pin  is  effected  by  means  of  brass  grooved  centrifugal  rings. 
The  shaft  is  enlarged  between  the  frame  and  outboard  bearing  for  the  flywheel  fit.  The  lay 
shaft  is  driven  from  the  crank  shaft  by  means  of  cut  spiral  gears,  one  of  which  is  seen  in  the 
illustration. 

of  a  by  pass  connecting  the  discharge  and  suction  sides  of  the  oil 
pump.  At  light  loads  the  oil  is  pumped  to  the  fuel  valve  for  part 
only  of  the  admission  period,  and  air  above  will  enter  past  the 
valve  for  the  rest  of  the  period. 


Starting  Valve. — The  engine  is  started  by  compressed  air 
from  an  auxiliary  reservoir,  a  special  starting  valve  being  used  for 
the  purpose. 
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Air  Compressor. — For  the  operation  of  a  Diesel  engine  a 
supply  of  air  compressed  to  from  700  to  1,000  or  more  lbs.  pressure 
is  necessary.  This  high  pressure  puts  severe  duty  on  the  com- 
pressor and  accordingly  it  is  an  important  part  of  the  engine. 

In  medium  size  engines  a  two  stage  compressor  is  generally  used,  and  for 
large  engines  the  air  is  compressed  in  three  stages,  intercooling  being 
provided  so  as  to  maintain  a  moderate  temperature,  and  thus  avoid  ex- 
plosions which  might  result  from  the  lubricating  oil. 


INTERCOOLER 


Fig.  2,889. — Fulton  air  compressor.  It  is  of  the  two  stage  type  and  is  driven  directly  from  the 
main  crank  shaft.  Free  air  is  drawn  into  the  larger  cylinder  and  compressed  to  seven  or 
eight  atmospheres  (approximately  105  to  120  lbs.  per  sq.  in.)  after  which  it  is  delivered  to 
an  inter-cooler  before  being  drawn  into  the  high  pressure  cylinder,  where  it  is  compressed 
to  from  55  to  65  atmospheres  (approximately  825  to  975  lbs.  per  sq.  in.);  thence  to  a  second 
cooler,  after  which  it  is  stored  in  the  small  air  receiver  for  fuel  injection.  The  compressor 
delivers  slightly  more  air  than  is  required  for  fuel  injection  and  this  surplus  is  stored  in  the 
two  large  receivers  for  starting.  Air  in  the  starting  receivers  may  be  at  any  pressure  from 
700  to  1,000  lbs.  per  sq.  in.,  but  the  injection  air  should  vary  with  the  load,  i.  e.,  800  lbs. 
for  half  load,  975  lbs.  for  full  load  and  slightly  higher,  say  1,0(X)  lbs.  for  10  per  cent,  overload. 


The  compressors  are  preferably  directly  connected  to  the  crank  shaft 
of  the  engine,  though  on  some  engines  they  are  operated  by  a  rocker  arm 
from  the  connecting  rod  as  well  as  by  individual  motion  with  the  larger 
units.  The  power  absorbed  by  the  compressor  is  about  8  to  10  per  cent  of 
the  total  power  of  the  engine. 
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Valve  Gear. — The  general  arrangement  consists  of  a  long 
shaft  driven  from  the  crank  shaft  by  means  of  spiral  gears.  It 
serves  to  drive  the  valve  gear,  governor,  sprayer,  and  starter, 
lubricating  and  fuel  oil  pumps. 

The  general  arrangement  of  the  valve  gear  on  both  horizontal 
and  vertical  engines  is  shown  in  the  accompanying  cuts,  also 
the  various  other  details  or  mechanisms  described  in  the  pre- 
ceding sections. 
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Fig.  2,890. — Busch-Sulzer  Diesel  engine,  120  brake  horse  power. 

Lubrication. — On  horizontal  engines,  the  main  heavy  out- 
board bearings  and  cam  shaft  bearings  are  usually  lubricated  by 
means  of  chains  running  in  oil  pockets.  The  piston,  piston  pin, 
crank  pin,  eccentric,  exhaust  valve  stem,  and  low  stage  com- 
pressor receive  lubrication  by  force  feed,  minor  bearings  are 
lubricated  by  sight  feed  oil  cups  and  compression  grease  cups. 
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A  typical  lubrication  system  for  vertical  engines  would  con- 
sist of  a  force  feed  oiler  for  the  cylinders  and  piston  crank  shaft 
bearings.  In  one  make  of  vertical  engine  the  crank  shaft  is 
drilled  through  its  entire  length  and  a  small  self -priming  rotary 
pump  circulates  the  oil  from  the  engine  bed  to  all  bearings  located 
inside  the  crank  case,  and  up  through  the  hollow  connecting 
rod  to  the  wrist  pin.  The  oil  flows  back  to  the  crank  chamber 
where  it  is  filtered  and  so  used  over  and  over  again.  An  over- 
flow valve  in  the  system  regulates  the  amount  of  pressure  which 


fmemffli,lM.nte»Lmt 


'^////m/mm^ 


Fig.  2,891. — Schematic  diagram  of  Busch-Sulzer- Diesel  engine  showing  force  feed  lubrication 
system. 

is  normally  held  at  15  lbs;  and  a  gauge  mounted  over  the  force 
feed  lubricator  may  be  readily  observed  by  the  operator. 

Economy. — The  main  feature  of  the  Diesel  engine  is  its 
economy,  its  thermal  efficiency  being  variously  estimated  at 
from  32  to  34  per  cent. 

According  to  one  American  builder  the  fuel  oil  consumption 
for  a  Diesel  engine  of  moderate  size  ordinarily  runs  about  .43 
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Figs.  2,892  and  2,893. — Sectional  views  of  Busch-Sulzer  four  cycle  Diesel  engine.  The  cylinder 
heads  contain  all  valves  necessary  to  the  cycle — that  is,  starting,  fuel,  admission  and  exhaust 
valves.  The  fuel  valve  is  centrally  located  in  the  head.  The  starting  and  fuel  valves  are 
operated  by  levers  fulcrumed  upon  an  eccentric  quill  which  can  be  rotated  by  hand  lever  so 
as  to  change  the  position  of  the  valve  levers  relatively  to  their  cams,  the  arrangement  being 
such  that,  while  the  starting  valve  levers  are  in  contact  with  their  cams  for  starting,  the 
fuel  valve  levers  are  out  of  contact  with  their  cams.  A  turn  of  the  handle,  through  a  neutral 
position,  reverses  these  conditions  for  running  on  fuel.  One  handle  and  one  movement 
eliminate  the  factor  of  human  error  from  this  operation.  The  cam  shaft  is  located  alongside 
of  and  level  with  the  cylinder  heads.  It  is  enclosed  in  a  cast  iron  casing  provided  with 
hinged  covers,  the  cams  dipping  in  oil.  It  is  operated  from  the  crank  shaft  by  a  vertical  shaft 
and  two  sets  of  heavy  screw  gears.  All  cranks  are  in  one  plane,  the  two  center  ones  forming 
an  angle  of  180°  against  the  two  end  ones.  The  multiple  type  fuel  pump  is  operated  from 
two  eccentrics  located  on  the  vertical  governor  shaft.  The  pump  gives  two  discharges  of 
fuel  for  each  power  stroke,  thus  affording  very  accurate  speed  regulation,  as  a  change  of  load 
between  any  two  power  impulses  will  influence  the  quantity  of  fuel  pumped — the  second 
discharge  stroke  just  preceding  ignition.  The  three  stage  air  compressor  has  the  general 
appearance  of  a  fifth  cylinder  in  the  engine.  It  is  driven  from  the  crank  shaft.  Means  of 
affecting  the  cooling  of  the  compressed  air  between  stages  and  after  compression,  and  for  the 
extraction  of  moisture  are  provided.  The  engine  is  equipped  with  a  forced  lubrication  system 
operated  by  a  rotary  positive  displacement  pump,  driven  from  the  crank  shaft.  The  sys- 
tem contains  filters  in  duplicate  and  a  cooler.  The  oil  is  fed  at  a  pressure  of  15  pounds. 
Suitably  drilled  holes,  in  the  crank  shaft  and  connecting  rods,  conveying  the  oil  to  the  crank 
and  wrist  pin  bearings,  provide  proper  lubrication  and  cooling  in  these  vital  spots.  After  the 
system  is  once  supplied,  the  oil  is  used  over  and  over  again.  For  lubricating  the  cylinders 
an  adjustable,  multi-feed,  pressure  lubricator  is  used.  Both  systems,  being  practically  auto- 
matic, eliminate  the  personal  factor  of  the  operator. 
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pound  in  commercial  service,  equivalent  to  8,000  British  thermal 
units  per  horse  power  hour. 

The  very  high  fuel  economy  of  the  Diesel  engine  is  about  all  that  can  be 
said  in  its  favor  for  to  offset  the  saving  in  fuel  over  other  types  of  engine, 
the  following  items  must  be  seriously  considered:  1,  very  high  first  cost; 
2,  high  compression  pressure  required  to  ignite  the  charge,  hence  any 
leakage  of  the  valves,  piston  rings  will  cause  faulty  ignition.  This  applies 
to  the  compressor  which  furnishes  the  spraying  air  as  well  as  to  the  power 
cylinder;  3,  trouble  likely  with  overload  operation  because  the  effect  of 
overloading  is  to  increase  the  fuel  charge  so  that  the  amount  is  greater 
than  can  be  burned  with  the  air  available.     The  result  is  that  combustion 


Fig.  2,894. — Vertical  lay  shaft  and  actuating  screw  gears  of  Busch-Sulzer  Diesel  encine. 


continues  after  expansion  has  begun,  and  if  the  overload  be  great  it  ma}/ 
even  be  that  the  charge  will  still  be  burning  when  the  exhaust  valve  is 
opened,  which  condition  will  quickly  destroy  the  exhaust  valve;  4,  operation 
with  leaky  valve  will  result  in  both  valve  and  seat  being  cut  out  by  the  hoi 
gases  blowing  through  at  high  velocities;  4,  close  and  high  grade  attention 
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Fig.    2,895.— Southwark-Harris  two  cycle  Diesel  en- 
gine.    Operating  cycle:  1,  the  fuel  pump  injects 
a  charge  of  fuel  in  the  atomizer  at  a  certain  time 
in  the  revolution  of  the  engine  and  leaves  it  there; 
2,   the  scavenging  pump  blows  out   the  previous 
charge  through  the  exhaust  and  leaves  a  charge  of 
pure  air  in  the  cylinder  when  the  pis- 
ton   is    at    the  end  of  the  outward 
stroke;  3,  the  piston  returns  in  the 
cylinder  and  compresses  this  charge 
of  pure  air  to  about  500  lbs.  pressure, 
the  temperature  rising  to  about  1,000° 
Fahr.;  4,  the  atomizer  spindle  is  lifted 
by  the  cam  shaft,  opening  the  pass- 
age into  the  cylinder,  and  the  inject- 
ion air  forces  the  oil,  lying  in  the  atom- 
izer, into  the  hot  charge  in  the 
form  of  a  spray.     The  oil  im- 
mediately ignites   and    further 
heats  the  air,  and  causes  same 
to  expand  behind  the  piston  and 
thereby  transmit  power  to  the 
crank  shaft.    There  is  no  explos- 
ion in  either  this  or  the  four  cycle 
type    of   engine,    the   pressure 
does  not  materially  exceed  the 
compression  pressure,  but  owing 
to  the  additional  heat  supplied 
by  the  burning  of  the  fuel,  the 
expansion   creates    the   power. 
The  parts  are:  1,  main  or  work- 
ing cylinder;  2,  main  or  working 
piston;   3,  scavenging  and    air 
starting  cylinder;  4,  scavenging 
and     air     starting     piston;    5, 
scavenging  air  inlet  valve; 
»         6,   scavenging  air  outlet 
u  passage,  starting  air  inlet 
^    passage;  7,  scavenging  air 
7^*  delivery  valve;  8,  scaven- 
ging   air     manifold     be- 
tween adjacent  cylinders; 
9,  scavenging  air  inlet  to 
working     cylinder;      9A, 
scavenging  air  inlet  ports; 
air    operated   intercepting 
vaive  for  air  starting;  11,  outlet 
for  starting  air;   12,  silencer  for 
starting  air  exhaust  and  scaven- 
ging air  inlet;  13,  vents  for  hous- 
ing fumes;  14,  injection  air  storage 
bottle;    15,  removable  front  col- 
umns; 16,  cam  shaft;  17,  atomizer 
actuating  rockers  (one  ahead,  one 
astern);    18,   radius  or  atomizer 
push  rods  (one  ahead,  one  astern); 
19,  atomizer  levers    (one  ahead, 
one  astern);  20,  atomizer  spindle; 
21,    cylinder    head;    22,   exhaust 
pipe;  22A,  exhaust   outlet  ports; 
23,  wrist  pin;  24,  connecting  rod; 
25,  crank  pin;  26,  crank  shaft;  27, 
bed  plate;  28,  housing;  29,  light  sheet  steel  remov- 
able fronts;  30,  floating   packing   rings;  31,  crank  pm 
drains  to  filter.     32,  injection  air  from  compressor;  33, 
by  pass  to  starting  bottles. 
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required;  5,  high  cost  of  maintenance;  6,  great  weight  and  bulk  per  unit  o: 
power  developed ;  lubrication  troubles ;  7,  uncertainty  as  to  future  cost  of  fuel 

How  to  Run  a  Diesel  Engine. — In  general  the  attentior 
necessary  for  properly  operating  the  engine  may  be  briefly  stated 
as  follows: 


Fig.  2,896. — Fulton  four  cycle  Diesel  marine  engine.  Adapted  to  low  grade  residue  or  i\xe 
•oils  but  will  operate  also  on  kerosene.  Compression  pressure  500  lbs.  In  operation,  the 
piston  on  the  first  down  stroke  draws  pure  air  into  the  cylinder,  with  no  mixture  whatever 
on  the  second  or  return  stroke  this  air  is  compressed  to  upwards  of  500  lbs.  per  sq.  in.  Jusi 
before  the  piston  reaches  the  end  of  the  compression  stroke  the  needle  of  the_  fuel  valve  is 
opened  and  the  fuel  charge  is  blown  into  the  cylinder  by  the  injection  air  obtained  from  the 
small  receiver.  Ignition  takes  place  by  the  heat  of  compression.  The  fuel  enters  the  corn- 
pression  space  in  the  form  of  a  fine  spray  and  flame  propagation  takes  place  slowly;  there  is 
no  sudden  explosion,  but  gradual  combustion  and  continued  pressure  for  practically  all  oi 
the  working  stroke.  As  the  piston  approaches  the  end.  of  the  working  stroke,  the  exhausi 
valve  in  the  head  is  opened  and  held  open  during  the  scavenging  stroke,  and  the  burned 
charge  is  forced  out,  thus  the  cycle  is  completed. 

.  Before  Starting, — See  that  the  lubrication  system  has  the  proper  supply 
of  oil,  care  being  taken  that  all  lubricators  are  in  proper  working  order. 

The  cooling  water  system  should  be  examined,  and  if  necessary  the 
circulating  pump  primed,  and  all  valves  opened  for  the  proper  flow  of  the 
water.  The  compressed  air  in  the  receiver  should  be  brought  up  to  the 
proper  pressure. 
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Place  engine  crank  in  proper  position  for  starting,  exhaust  cam  on  low 
compression  side,  and  place  control  handle  of  starting  valve  in  proper 
position  for  starting. 

Open  air  inlet  to  low  pressure  side  of  the  air  compressor.  Pump  by  hand 
fuel  charge  to  the  sprayer. 

Starting, — If  the  engine  be  provided  with  automatic  starting  arrange- 
ment, open  the  valve  on  the  starting  receiver  and  the  valve  on  the  injection 
air  receiver. 

When  engine  comes  to  speed,  put  starting  valve  lever  in  the  off  position 
and  shut  off  receiver  containing  the  starting  air,  also  open  full  the  injector 
air  valve. 

Engines  may  be  started  with  air  at  pressure  as  low  as  200  to  300  lbs.  If, 
however,  the  injection  air  pressure  be  below  600  lbs.,  the  valve  on  the 
injection  air  receiver  should  be  closed  when  the  starting  air  receiver  is 
opened.     It  can  be  reopened  as  soon  as  the  engine  has  come  to  speed. 

Running. — If  light  and  heavy  fuels  are  used,  the  heavy  fuel  can  be 
turned  on  after  starting,  being  careful  if  the  heavy  oil  requires  heating  not 
to  admit  the  heavy  fuel  until  the  engine  has  heated  up  sufficiently  to  raise 
the  temperature  of  the  jacket  water  to  about  110°  Fahr. 

Stopping, — To  stop  the  engine  shut  off  the  fuel  supply  and  close  tightly 
the  injection  air  receiver  valve.  In  freezing  weather  the  jackets  should  be 
drained  and  the  cooling  air  coils  between  the  high  pressure  air  and  inter- 
mediate compressor  should  be  blown  out  as  well  as  the  injection  pipe. 


Diesel  Engine  Troubles. — Like  all  other  types  of  gas  engine, 
the  Diesel  engine  is  subject  to  various  troubles  due  principally 
to  careless  or  improper  attention  from  those  in  charge.  The 
following  are  the  most  frequently  met  with : 

Failure  to  Start, — Usually  due  to  faulty  working  of  starting  valves 
and  failure  to  ignite. 

Ignition  Fails, — The  principal  cause  is  loss  of  compression.  Sometimes 
the  pump  does  not  deliver  an  adequate  charge  of  fuel,  or  the  timing  of  the 
fuel  injection  may  be  incorrect. 

Pump  Fails,^— The  check  valves  may  be  prevented  seating  by  foreign 
matter  in  the  oil,  or  the  pump  may  be  air  bound.  The  connections  and 
stuffing  box  must  be  tight  to  prevent  leakage. 
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Loss  of  Compression. — This  may  occur  by  leakage,  past  the  piste 
due  to  stuck  or  worn  piston  rings,  or  past  the  valve  which  may  need  r 
grinding.  Leakage  past  the  exhaust  valve  may  be  detected  by  the  col< 
of  the  exhaust  gases;  if  smoky  or  black,  it  indicates  that  the  gases  a 
leaking  past  the  valve,  resulting  in  improper  combustion.  Owing  to  tl 
very  high  temperature  of  the  Diesel  cycle  any  leakage  past  the  exhau 
valve  if  allowed  to  continue  will  very  quickly  ruin  not  only  the  valve  bi 
the  valve  seat. 

Overloading. — Since  the  governor  regulation  is  such  that  it  increas 
the  fuel  charge  with  an  increase  in  load,  when  the  engine  is  overloade 
the  temperature  of  the  exhaust  gases  is  very  high,  and  in  some  cases  exhau 
takes  place  with  combustion  still  in  progress.  No  exhaust  valve  will  stai 
such  temperature  for  any  length  of  time,  and  for  this  reason  a  Dies 
engine  should  not  be  overloaded. 

Underloading. — Because  of  the  governor  action  in  varying  the  quant i 
of  fuel  charge  with  the  load,  ignition  may  cease  in  one  of  the  cylinders 
a  multi-cylinder  engine  because  of  lack  of  fuel  supply. 

Irregular  Running. — This  may  be  due  to  several  causes,  as  defecti 
governor  action;  fuel  injection  too  early  or  too  late;  individual  pumps  ( 
multi-cylinder  engines  not  delivering  like  charges — that  is,  one  pump  mj 
deliver  more  fuel  per  stroke  than  the  other,  due  usually  to  improper  acti( 
of  the  check  valve  or  air  pockets. 
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CHAPTER  49 

GAS  PRODUCERS 

Producer  Gas. — The  gas  formed  by  a  producer  is  the  product 
of  an  incomplete  or  retarded  combustion  of  the  fuel.  This  is 
effected  by  burning  the  latter  in  a  bed,  several  feet  in  thickness, 
within  the  generator  or  producer  proper.  The  heated  gases 
and  flame  from  the  portion  nearest  the  air  supply,  where  com- 
bustion is  more  or  less  rapid  and  complete,  have  to  pass  through 
the  remainder  of  the  bed,  distilling  gases  from  the  latter  in  their 
transit.  The  processes  of  combustion  within  the  generator  may 
be  described  as  follows: 

The  oxygen  O,  of  the  atmosphere  combines  with  the  fuel 
in  the  first  portion  of  the  bed,  and  the  ensuing  combustion  re- 
sults in  the  formation  of  carbon  dioxide  CO2,  that  is  to  say, 
each  atom  of  carbon  combines  with  two  atoms  of  oxygen.  This 
means  that  each  pound  of  carbon  requires  2^  pounds  of  oxy- 
gen, the  combination  resulting  in  the  formation  of  3%  pounds 
carbon  dioxide,  and,  at  the  same  time,  imparting  about  14,500 
heat  units  to  the  mass  of  fuel. 

The  effect  of  this  process  is  that  the  3 3^  pounds  of  carbon 
dioxide  assimilate  another  pound  of  carbon,  forming  4^  pounds 
of  carbon  monoxide,  which  is  equivalent  to  the  evolution  of  2J^ 
pounds  of  the  latter  gas  for  each  pound  of  carbon  consumed. 
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Processes  Within  the  Producer. — The  first  two  reactions  in 
the  generator  constitute  what  is  termed  Incomplete  combustion, 
consisting  of  the  formation  of  carbon  dioxide  and  the  decom- 
position of  the  compound  into  the  monoxide.  The  result  of 
the  process  is  the  same  as  if  the  pound  of  carbon  had  been  burnt 
directly  to  carbon  monoxide,  thus  developing  4,451  B.t.u.  for 
each  pound  of  C,  burnt  to  CO.  This  heat  is  apparent  as  the 
sensible  heat  of  the  fuel  bed  and  generator. 

The  carbon  monoxide  may  be  caused  to  combine  with  fresh  oxygen  at  any 
time  after  it  has  left  the  producer,  this  second  combustion  to  CO 2  being  ac- 
companied by  the  evolution  of  14,544 — 4,451=10,093  B.t.u.,  the  heat  value 
of  CO  to  CO2  per  pound  of  carbon  contained. 

Now,  atmospheric  air  is  a  mechanical  mixture  of  oxygen,  which  supports 
combustion,  and  of  nitrogen,  which  is  an  inert  gas  serving  as  a  diluent.  The 
proportions,  by  weight,  are:  oxygen,  23  per  cent.;  nitrogen,  77  per  cent. 
Therefore,  accompanying  and  diluting  the  23^  pounds  of  carbon  monoxide, 
resulting  from  the  reaction  in  the  producer,  there  will  be  about  4.46  pounds  of 
nitrogen,  the  whole  forming  about  6.8  pounds  of  lean  gas. 

Use  of  Steam  in  Connection  with  Gas  Producers. — The  object 
of  the  gas  producer  being  the  generation  of  a  combustible  gas 
of  high  heat  value,  it  is  desirable  to  use  as  little  as  possible  of 
the  inherent  heat  energy  of  the  fuel  during  its  gasification. 
The  only  sensible  heat  necessary  is  that  which  raises  the  fuel 
to  incandescence  so  as  to  redace  the  carbon  dioxide  to  monoxide. 

Now,  there  are  some  4,451  heat  units  generated  in  burning  a  pound  of 
carbon  to  carbon  monoxide,  and  as  only  part  of  this  heat  passes  away  witl 
the  gases  or  is  dissipated  by  radiation  from  the  generator,  it  may  be  saic^ 
that  there  is  a  surplus  of  about  2,500  B.t.u.  per  pound  of  carbon  over  and  abov( 
what  is  necessary  for  the  working  of  the  furnace.  This  extra  heat  require 
to  be  utilized  in  order  to  get  the  greatest  efficiency  from  the  generator  and  t< 
keep  the  temperature  down,  a  temperature  of  1,900°  Fahr.  having  been  foun< 
to  give  a  minimum  of  CO2  or  a  maximum  of  CO. 

This  surplus  of  heat  is  utilized  in  an  effective  manner  by  the  introduction 
of  steam  into  the  generator. 

Each  pound  of  steam  on  being  decomposed,  liberates  %  pound  hydroge: 
and  %  pound  oxygen,  the  latter  combining  with  %  pound  carbon  to  form  1^ 
pounds  of  carbon  monoxide,  this  extra  amount  being  produced  without  th 
introduction  of  any  more  inert  nitrogen  into  the  apparatus. 
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In  order  to  effect  the  decomposition  of  one  pound  of  steam,  in  the  pressure 
of  incandescent  carbon,  6,800  heat  units  are  necessary,  and  as  there  are  only 
about  2, 500 B.t.u.  available  for  the  purpose  from  the  burning  of  each  pound 
of  carbon,  the  quantity  of  steam  that  can  be  taken  care  of  is  g^|^  or 
about  .37  pounds.  This  yields  about  .325  pound  of  oxygen  which  combines 
with  about  .245  pound  of  carbon,  yielding  .57  pound  of  the  monoxide, 
which  is  equivalent  to  saying  that  about  one-fifth  of  the  total  carbon  can 
be  gasified  by  the  aid  of  the  steam.  The  hydrogen  liberated  will  be  about 
.033  pound  for  each  pound  of  total  carbon  gasified  in  all  reactions. 


^IGS.  2,897  and  2,898. — Gas  producer  types;  fig.  2,897,  pressure  up  draught;  fig.  2,898,  pres- 
sure down  draught. 

Classes  of  Gas  Producer. — With  respect  to  the  control  of 
;he  air  passing  through  the  machine,  producers  may  be  classified 
is: 


1.  Pressure  producers; 

a.  Up  draught; 

b.  Down  draught. 

2.  Suction  producers; 

a.  Up  draught; 

b.  Down  draught. 


3.  Combined  up  and  down  draught. 
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In  the  pressure  system, 

the  air  required  for  the  gener- 
ation of  the  gas  is  deHvered 
to  the  gas  producer  under 
pressure,  derived  from  an 
auxiliary  source,  and  the  gas 
generated  in  the  producer  is 
deUvered  to  the  engine  under 
the  same  pressure. 


The  up  draught  pressure 
producer  is  used  principally 
with  bituminous  coal. 


The  down  draught  pres- 
sure producer  has  not  been 
introduced  into  commercial 
practice  because  of  the  com- 
plicated feeding  devices. 


Moreover,  whenever  fuel  is 
changed  or  stoking  is  neces- 
sary it  interferes  with  the  gas 
production  and  causes  irregu- 
larity in  the  operation. 


In  the  suction   system, 

both  the  passage  of  the  air 
through  the  producer  and  the 
introduction  of  the  gas  gener- 
ated therein  into  the  cylindei 
of  the  engine  is  effected  by  th 
sucking  action  of  the  pist 
during  its  forward  or  charg* 
stroke. 


For    anthracite    coal 
high  grade  of  charcoal 
coke  the  up  draught  sucti| 
producer  is  used  and  may 
considered  a  standard  typd 
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3.  2,902. — Morgan  pressure  up  draught  producer  with  George  automatic  feed.  In  con- 
struction the  steel  shell  is  contracted  toward  the  bottom  edge ,  which  extends  into  a  water- 
illed  ash  pan  formed  as  a  depression  in  the  foundation.  The  shell  is  supported  by  four 
;ast  iron  feet  resting  on  the  concrete  floor  surrounding  the  ash  pan.  About  three  feet  above 
;he  water  level  in  the  ash  pan  a  number  of  sight  holes  are  provided  around  the  circumference 
)f  the  producer  for  observing  the  fuel  level  and  combustion.  The  producer  top  is  covered 
Dy  a  shallow  thick  steel  pan  filled  with  water.  Through  a  central  opening  the  automatic 
"ceding  apparatus  communicates  with  the  interior  of  the  producer.  Poke  holes  closed  by 
vater  sealed  covers  are  placed  around  the  circumference  of  the  pan.  The  blowing  device 
consists  of  one  central  tuyere  with  mushroom  shaped  top,  which,  rising  from  the  ash  pan, 
iistributes  a  mixture  of  air  and  steam  uniformly  over  the  interior  of  the  producer.  The 
)last  is  controlled  by  an  injector,  constructed  to  give  the  proper  proportion  between  steam  and 
lir  at  all  pressures.  In  small  plants  it  is  preferable  to  have  the  stearn  supply  to  the  blower 
mder  the  direct  control  of  the  operator  at  the  furnace,  who  is  able  to  judge  the  quantity  of 
cas  which  at  any  time  may  be  required.    The  make  of  gas  is  entirely  controlled  by  adjusting 

\"  steam  valve.  The  continuous  automatic  feeding  device  consists  of  an  inclined 
lowly  rotating  water  cooled  feeding  spout,  designed  to  continuously  feed  over  the  entire 
urface  of  the  fire.     In  operation,  the  layer  of  ashes  should  extend  to  a  height  of  about 

ft.  above  the  ash  pan,  or  to  such  a  point  that  the  top  layer  of  ashes  is  kept  opposite  the 
ight  holes  in  the  shelL  Thus  the  tuyere  is  surrounded  by  ash  and  protected  from  the  heat. 
^  horizontal  layer  of  incandescent  coal  from  2  to  3  ft .  thick  commences  at  the  level  of  the  sight 
oles.  In  the  upper  layers  of  the  coal  a  somewhat  lower  temperature  prevails.  The  amount 
f  steam  required  is  from  33  to  40%  of  the  weight  of  the  fuel  gasified. 
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The  down  draught  suction  producer  is  adapted  to  various  bituminous 
coals,  and  also  low  grade  fuels  as  lignite,  various  woods,  refuse,  bagasse, 
coke,  charcoal  of  the  lower  grades,  and  peat.  Due  to  the  down  draught 
principle,  the  gas  leaving  the  generator  is  clear  and  free  from  all  heav}; 
hydrocarbons,  which,  after  distillation,  are  broken  up  into  fixed  gases  hy 
being  drawn  through  the  incandescent  fuel  bed. 


Figs.  2,903  and  2,904. — Hilger  charging  hopper.  In  operation  coal  may  be  charged  towarc 
the  center  by  opening  hopper  valve  slightly  as  in  fig.  2,903,  or  toward  the  circumference  b^ 
opening  valve  wide  as  in  fig.  2,904. 


Fig.  2,905. — Hilger  "Pilgrim"  step  morion  tor  rotating  the  grate.  The  ash  pan  is  rotated  b 
worm  gearing,  first  a  desired  distance  in  one  direction,  then  back  again  for  a  somewhat  small* 
distance.  This  reversal  is  automatically  accomplished  by  the  flapping  over  of  a  dog,  tl- 
mechanism  being  plainly  shown  in  the  cut. 


Although  the  pressure  producer  is  usually  composed  of  more  cumbrov 
apparatus,  and  requires  more  space  for  its  installation,  it  possesses  great( 
elasticity  than  the  suction  system  for  meeting  variations  in  fuel  conditio] 
and  has  greater  capacity  for  utilizing  different  kinds  and  cheaper  gradei 
fuel.    It  is  undoubtedly  the  better  for  use  in  connection  with  large  po" 
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units,  and  in  cases  where  several  gas  engines  are  operated  from  the  same 
producer  plant. 

On  the  other  hand,  for  isolated  plants  of  small  capacity,  or  where  only  a 

single  gas  engine  of  medium 
power  is  used  intermit- 
tently the  application  of  the 
suction  system  not  only  en- 
ables the  simplification  of 
matters  relative  to  bulk  and 
the  reduction  of  cost,  but  it 
j,^  '*^  ^■^^wmb™  t  wm  affords  the  more  important 

WBE£-^  .  advantage   of   making  the 


demand  of  the  engine  for 
gas  the  controlling  factor 
in  the  generation  of  the 
gas  from  the  solid  fuel. 


The  combined  up-and- 
down  draughts  producer  is 
virtually  a  down  draught 
suction  producer  placed  on 
top  of  an  up  draught  suc- 
tion producer  the  gases 
being  taken  off  at  the 
center.  An  objection  to 
this  type  is  that  more 
skilled  labor  is  required  to 
secure  satisfactory  results 
than  the  other  type,  the 
variations  in  the  load  and 
fuel  requiring  very  close 
attention. 


Fig.  2,906. — Hughes  water  cooled  poker.  The  poker  is  suspended  from  the  cover  of  the 
producer  and  extends  into  the  fuel  mass  penetrating  through  the  green  fuel  zone  into  the 
incandescent  zone.  In  operation,  the  poker  stirs  the  fuel  constantly,  swinging  back  and 
forth  in  a  vertical  plane  as  the  fuel  mass  revolves,  the  point  of  the  poker  describes  a  series 
of  loops.  The  path  of  the  poker  is  from  the  center  to  a  point  a  few  inches  from  the  brick 
lining  of  the  shell. 
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How  a  Producer  Operates.— Fi^.  2,907  shows  a  section  of  s 
typical  producer  of  the  pressure  type  using  anthracite  coal 
The  incandescent  fuel  is  supported  upon  a  bed  of  ash,  this  rest- 
ing on  a  revolving  table,  A,  which  is  larger  in  diameter  thar 
the  bosh,  B,  the  ashes  forming  a  natural  slope  of  about  55° 
As  they  are  formed,  the  ashes  fall  into  the  sealed  ash  pit,  C. 

In  regular  operation,  the  line  between  the  ashes  and  fuel  is  Irept  aboui 
six  inches  above  the  cap  D,  of  the  central  air  pipe  E,  so  that  the  fire  comei 
into  contact  with  the  brick  lining  only,  all  iron  work  being  kept  away  fron 
the  heat.  This  height  is  maintained  constant  by  grinding  or  revolving  th< 
ash  table  once  every  6  to  24  hours  according  to  the  rate  of  working. 

The  blast  is  usually  furnished  by  a  steam  jet  blower,  but  a  fan  blowei 
may  be  used  if  more  convenient,  a  small  steam  pipe  being  run  into  the  verti- 
cal air  pipe  to  supply  the  steam  required  for  softening  the  clinkers  and  main- 
taining the  proper  temperature  of  the  producer.  This  producer  is  equippec 
with  a  continuous  automatic  feed  device  F,  which  consists  of  a  receiving 
hopper  G,  surmounting  the  main  storage  magazine  H,  the  communicatior 
between  the  two  being  regulated  by  a  horizontal  rotary  register  J,  operatec 
by  a  lever.  The  distributor  plate  K,  is  suspended  below  the  main  magazine, 
and  is  supported  by  a  steel  shaft  L,  which  passes  upward  through  the  storage 
cylinder.  Both  the  hood  of  the  distributor  plate  and  the  inverted  conical 
base  of  the  magazine  are  water  cooled,  thus  facilitating  the  discharge  ol 
strongly  caking  coals.  The  receiving  hopper  is  rotated  by  means  of  a  worm 
wheel  and  worm  attached  to  the  upper  end  of  the  shaft,  and  the  distributoi 
plate  is  revolved  through  the  radial  arms  and  hub  of  the  receiving  hopper, 
which  are  also  keyed  to  the  shaft.  A  hand  wheel  nut  on  the  threaded  end  of 
the  axis  affords  the  means  for  adjusting  the  distance  between  the  distributoi 
plate  and  the  coal  reservoir.  This  adjustment,  together  with  the  variable 
speed  secured  by  means  of  the  step  cone  pulley  M,  permits  of  a  ready  control 
of  the  rate  of  coal  discharge. 

Pressure  Gas  Producer  System. — ^As  shown  in  fig.  2,909  a 
pressure  gas  producer  system  usually  consists  of  the  following 
parts : 

A  small  steam  boiler,  A,  for  making  steam  and  producing  the 
necessary  air  pressure;  a  gas  producer,  B,  equipped  with  a  con- 
tinuous feed  arrangement;    an  economizer,  C,  with  superheater 

NOTE. — Demands  for  gas  fuel  are  becoming  more  and  more  numerous  and  producer  gas, 
because  of  its  evident  advantages,  is  surely  supplanting  other  gases  for  industrial  use.  Coal  or 
coke  suitable  for  use  in  gas  producers  is  easily  obtained  and  the  plants  for  gasifying  these  fuels 
are  simpler  in  operation  and  less  costly  for  installation  and  maintenance  than  the  plants  for 
gasifying  most  of  the  other  fuels  which  have  been  used  for  gas  making.  Any  gas  supply  to  be 
satisfactory  to  the  present  day  manufacturer  must  be  efficient  and  dependable.  Variations 
in  the  quality  of  the  gas  and  fluctuations  in  the  supply  of  gas  both  cause  trouble.  Hence  it  is 
highly  desirable  that  a  gas  making  machine  shall  produce  gas  of  uniform  quality  steadily 
day  after  day.  Such  performance  can  result  only  from  the  following  of  correct  mechanical 
Drincioles  and  the  use  of  excellent  materials  in  the  construction  of  the  producer. 
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IG.  2,907. — Cross  section  of  a  typical  gas  producer  of  the  pressure  type  usine  anthracite  coal, 
as  described  in  the  accompanying  text. 
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and  wash  box  a  scrubber,  D,  a  purifier  E.     The  details  of  the 

several    parts   may   be   considerably   modified    to    suit   varying 

conditions. 

For  instance,  the  boiler  may  be  omitted 
in  cases  where  steam  is  procurable  from 
any  other  convenient  source,  or,  in  some 
cases,  the  separate  steam  generator  may 
be  absolutely  unnecessary. 


For  smaller  equipments,  or  those 
suitable  for  operating  engines  ranging  in 
power  up  to  500  horse,  single  producers 
are  considered  sufficient. 

Larger  equipments  should  be  provided 
with  two  or  more  producers,  the  general 
design  and  arrangement  of  which  may  be 
varied  to  suit  the  local  conditions. 

In  operation,  the  gases  generated  in 
the  producer  enter  the  superheater  and 
economizer.  In  the  economizer  the  air 
blast  of  the  producer  travels  in  a  direction 
opposite  to  that  of  the  blower,  and  the  gas 
passing  through  the  wash  box  deposits  a 
large  portion  of  its  extraneous  suspended 
matter.  Here  also  is  located  the  seal  or 
non-return  against  the  gases  stored  in  the 
holder  and  present  in  the  other  parts  of 
the  system. 

From  the  wash  box  the  gas  enters  the 
scrubber,  in  which  it  travels  against  sprays 
of  water  through  compartments  filled 
with  coke  and  is  still  further  purified  by 
the  removal  of  any  tarry  substances, 
sulphur,  or  ammonia  which  it  might  con- 
tain, prior  to  its  introduction  into  the 
purifier  where  the  purifying  operation  is 
completed. 

From  the  purifier  the  gas  passes  into 
the  holder  which  stores  up  a  supply 
sufficient  for  starting  and  for  running 
several  minutes,  its  chief  purpose  being 
the  regulation  of  pressure  and  variations 
in  the  consumption  and  mixture  of  £;ases. 


Fig.  2,908.— Syracuse  regulator.  It  sup- 
plies water  to  the  vaporizer  in  pro- 
portion to  the  load  on  the  engine. 
There  are  no  moving  parts  and  all 
passages  may  be  quickly  inspected  or 
cleaned  when  necessary.  Pipe  B. 
supplies  water  and  pipe  A,  carries  off 
the  excess  not  taken  by  the  regulator. 
Pipe  C,  is  connected  to  the  engine  gas 
supply  pipe  and  pipe  D,  leads  to  the 
producer.  When  the  engine  is  idle  the 
water  stands  at  M,  but  when  the 
engine  is  drawing  gas  it  rises  due  to 
the  suction  to  some  point  O.  The 
water  runs  out  of  the  slot  shown  and 
through  pipe  D,  to  the  producer.  The 
amount  of  this  water  is  proportional 
to  the  load  on  the  engine. 


GAS  PRODUCERS 


1,503 


:S  0.2  C  o  «  rtr5 

a  wg  ST3  «2 1^  « 
o  S  c  o  ^  «  o  ^^ 

y  o-d  >,^  I  ^  " 


TJ 


n  *^  r!   C 


O  ft  O 


rj    <y   Q    (U    (D   g.ir 

<u    -  en        g,^  {>  (u 

^   -^  a3^  o  g  ^^-d 

v^'d  a^«*-  O  (U  « 

-3  °  p,H°  y  fe  S^  >• 

>  c ':   c.'^  $i  ?  rt 

(uC'd    ,•— 'wPOoB 
'd  d  tn  rj      rt'd 

•Sfe-d-v^g^-.-J 
^■■^  8  ^rB.B  8-Q  § 

3  <u-t^  <u  e-d  >.0'- 

b  ?^  k  ^  ^  "^  <u!"  rt 

S-g^-^  o.^-d  y  ^ 
<M^  >  0)  "  §  rf-G  2 

'.  w  d  "-d-d  g  dt« 

|:^e-s8'sg-5 


1,504 


GAS  PRODUCERS 


WEIGHTS  FOR  REGULATING 
DEPTH  OF  AGITATOR  IN 
SURFACE  OF  THE  FIRE  BED 

flEVOLVING  LUG  ON  WORW  _„_  tCCtfUKSl'. 

WHEEL  IN  SLIDING 

CONTACT  WITH  SCREW. 

CAUSES  AGITATOR  TO 

RISE  OR  FALL  ACCORDING 

TO  HEIGHT  OP  FIRE  BED 


FLOATING 
AGITATOR 
5  TO  W  REV. 
PER  HOUR 


Fig,  2,910. — Chapman  pressure  up  draught  semi-mechanical  producer.  Its  chief  feature  is 
the  floating  agitator,  consisting  of  water  cooled  horizontal  arms  with  short  vertical  strong 
fingers.  The  floating  action  is  similar  to  the  compound  motion  of  the  "Yankee''  screw 
driver.  The  vertical  shaft  of  the  agitator  is  provided  with  a  special  driving  head,  having  two 
large  screw-like  spiral  flanges.  These  flanges  engage  in  sliding  contact  with  two  lugs  pro- 
jecting inwardly  from  the  hub  of  the  driving  wheel.  Normally  the  wheel  and  agitator  re- 
volve together  at  the  rate  of  five  or  more  revolutions  per  hour,  but  should  the  agitator  strike 
an  obstruction  or  become  submerged  too  deeply  in  the  surface  of  the  fire  bed,  it  automatically 
"screws  up"  at  once  to  a  point  where  the  forces  are  again  in  balance.  An  inner  tube  carries 
cooling  water  to  the  end  of  each  stirring-finger,  thus  providing  positive  circulation,  and  also- 
a  means  for  forcing  out  sediment.  If  necessary,  steam  could  be  used  for  blowing  out.  The 
quantity  of  cooling  water  required  is  from  one-half  to  one  cubic  foot  per  minute.  The  worm 
and  worm  wheel  run  in  oil.  The  jack  shaft  is  provided  with  chain  oiling  and  large  oil  wells. 
The  lower  end  of  the  stem  of  the  agitator  is  held  in  place  by  a  water  cooled  cast  steel  ring. 
This  bearing  is  amply  lubricated  by  the  tar  which  collects  on  the  water  cooled  parts.  All 
of  the  cooling  water  has  to  pass  down  one  of  the  legs  of  this  bearing,  and  up  the  other  two. 
This  makes  a  sufficiently  rapid  circulation  to  prevent  serious  deposit  of  sediment.  The 
dumping  bell  is  of  cast  steel  and  is  made  in  halves  to  facilitate  replacing.  It  rests  against 
a  cast  steel  seating  ring,  which  is  also  made  in  halves.  The  ring  about  the  bell  is  water- 
cooled  . 


G.^^-   PRODUCERS 


1,505 


'iG.  2,911. — Syracuse  gas  producer.  It  consists  o/"  a  shell  lined  with  fire  brick  and  containing  a 
hot,  deep  fire.  An  opening  near  the  bottom  lets  in  a  mixture  of  air  and  steam  and  an  opening 
near  the  top  takes  off  the  gas.  The  gas  may  be  drawn  off,  causing  a  flow  of  air  and  steam  into 
the  bottom  as  in  the  suction  type,  or  the  air  and  steam  may  be  blown  in,  causing  the  gas  to 
flow  off  as  in  the  pressure  type.  All  the  other  parts  of  a  producer  such  as  charging  hopper, 
grate,  ash  pit,  steam  generator,  purge  valve,  scrubbers,  etc.,  are  auxiliary  to  the  above. 
In  operation,  a  fireis  built  as  in  an  ordinary  furnace,  the  draught  being  furnished  by  a  blo\ver 
or  exhauster  operated  by  hand  or  power.  After  the  fire  is  well  started,  steam  is  mixed  with 
the  entering  air  and  soon  a  combustible  gas  is  being  generated.  When  the  gas  burns  well  at  a 
test  cock  near  the  engine,  the  blower  of  exhauster  is  stopped  and  the  engine  started.  The 
generation  of  gas  now  proceeds  automatically  by  the  drawing  in  of  the  air  and  steam  through 
the  fuel  bed  and  the  resulting  gas  through  the  balance  of  the  system,  as  a  result  of  the  suction 
caused  by  the  engine.  The  scrubbers,  cool  and  clean  the  gas.  In  the  suction  plant  the  gas 
is  taken  from  the  latter  into  the  engine  cylinder  and  no  storage  is  necessary.  Upon  each 
suction  stroke  of  the  engine,  gas  is  drawn  into  the  cylinder  and  off  the  top  of  the  producer, 
air  and  steam  entering  at  the  bottom  to  take  its  place. 
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Fig.  2,912. — Treat  mechanical  gas  producer,  in  construction  the  machinery  is  attached 
directly  to  the  shell  of  the  producer  making  a  self  contained  unit .  Two  pokers  are  used  for 
stirring  the  fuel,  these  acting  at  intervals  of  half  to  three-quarters  of  an  hour  alternately 
entering  through  the  side  walls,  at  diagonally  opposite  corners,  slice  through  the  fire  in  a 
horizoiital  plane,  the  combined  effect  of  the  two  being  to  sweep  through  and  cover  practically 
the  entire  working  area  enclosed  within  the  lining  walls  in  a  single  movement.  The  move- 
ment is  completed  coincident  with  the  complete  withdrawal  of  the  poker  to  a  position  outside 
the  producer,  where  it  remains  at  rest  till  it  is  time  for  it  to  repeat  the  movement,  which 
occupying  but  half  a  minute,  no  time  is  afforded  for  it  to  get  red  hot,  and  hence  no  special 
arrangements  are  required  for  keeping  it  cool.  As  will  be  seen,  the  poker  slides  in  and  out  of 
the  producer  through  a  large  water  cooled  ball  which  rotates  in  a  socket  fixed  to  the  shell  of 
the  producer,  and  serves  as  a  fulcrum  upon  which  it  swings  as  it  slides,  the  outer  end  being 
carried  in  a  circular  path  by  a  crank  havmg  a  large  radius,  the  inner  end  is  caused  to  describe 
the  peculiar  figure  shown,  which  practically  covers  half  of  the  working  area  of  the  producer 
as  mentioned  above .  Since  the  crank  may  be  revolved  in  either  direction ,  the  mechanism  may 
be  reversed  at  intervals  to  equalize  the  bending  of  the  poker,  otherwise,  to  carry  the  coal 
to  one  side  of  the  producer .  The  crank  action  is  effected  by  a  heavy  corrugated  internal  gear 
wheel  having  a  crank  pin  journaled  in  a  bracket  fixed  to  its  rim,  to  the  lower  end  of  which 
the  end  of  the  poker  is  loosely  coupled,  one  complete  revolution  of  this  wheel  produces  one 
movement  of  the  poker,  the  same  being  driven  by  a  gear  and  clutch  mechanism  analagous 
to  that  employed  in  punching  rnachinery,  the  wheel  is  set  in  motion,  by  an  automatic  trip 
gear,  which  has  a  time  control,  is  automatically  stopped  by  a  cam  fixed  to  its  rim,  which  at 
the  same  time  sets  the  tripper.  The  pokers  are  formed  of  plain  round  rough  steel  bars, 
and  except  for  a  hole  drilled  in  one  end,  and  a  spiral,^ groove  cut  in  their  surface,  are  not  ma- 
chined. In  operating,  following  a  poker  movement,  when  the  driving  crank  comes  to  rest, 
the  inner  end  of  the  poker  which  remains  resting  in  the  water  cooled  ball,  keeping  the  opening 
closed,  is  ready  to  reenter  the  producer,  and  at  the  same  time  is  kept  cool  by  the  influence  of 
the  ball.  As  the  poker  is  standing  for  eighty  per  cent  of  the  time  outside  of  the  producer,  and 
in  a  position  easily  accessible,  it  is  easily  and  quickly  uncoupled  from  the  crank  pin  by 
simply  pulling  a  pin;  a  strong  laborer,  unaided,  being  able  to  effect  a  change  of  pokers  in  a 
couple  of  minutes. 


GAS  PRODUCERS 


1,507 


a  ^ 

S  ^ 

i^  2 

^^ 

^    bo 
O    biO 

2^ 
a  u 

tn    O 

•2  t 


U 

2 

a 


m 


o    o 

«^    biO 

o   a 

S  o 
(1)  CI. 
b.S 

biO 

<^  .2 

o    c^ 


0) 


bO 

O 


03 


u 

a; 

a 

'bio 


o 


O     (y 

•43   a 
ui    bo 


.2 
o 
y3 


u 

.2 
> 


S 

biO' 
C 


biO 


o 

CJ 

-* 
10 

bib 

y5 


1,508 


GAS   PRODUCERS 


.  3 


C  y  K  i 


'.■VXi   OJ 


bOo  «> 


^  >   (U 

^-^  -la  5  at 

a  ?3  S*^  ojja  °  tJ^  -^ 


.  Si-5^^ 


-nJCf: 


°'S:S.2S'g,f  6  1 
2  e  ^  5  ,i- 1->  oj     5, 


GAS   PRODUCERS  1,509 


6  mo;  ^s:  o  mot  "  -^  ="•-  -^  -  ^'-^■^  ^- 
"  a  3  c  ^ 


^rt^:S^25ii-^.sWx.£  §  ^       system,  A,  represents  the  pro-^- 
nmUB  PJHIP4  II  ii      ducer;  B,  the  evaporator;  C,  the- 


■|  f  g-'S  I  f  1 2  ^11  fe  oj  ^13  fe  I "  scrubber;  and  D ,  the  receiver. 
g  ^^'^^^  §5  ^  l^-e  §„'!  c  i  ^|.S  SS  The  operation  of  the  system 
•ri^r^^Sl^-^lllsll-^llllS      "^ay  be  described  as  follows: 

The  gases  generated  in  the  pro- 
's ^-"-*-^«»s'-o."«^^>.>-^3'-tf  ^V^^r  P^^^  through  the  evaporator, 
a-S  ^-^^  ^  Z^  g  S  S^^  S-'g-nl-^a^l  .  which  IS  practically  a  small  multi- 
^ij  %  t-Z'l  K^t^'%--  gEl-S-^l-Sf  J  tubular  boiler,  and  furnish  the  sensi- 
c3  .  (ul5Sa5l^  o.^S^o.'Sco  c  0.2  Sti-^lc  ble  heat  required  for  evaporating  the 
o^S  ^  S  fc:Sx!  2 -^  o  ^  rt-^^  8  a,  ^ ^«*-  >.  g  ^  water.  The  resultant  vapor  is  con- 
^^^S>'^1^-^5i''titJ.S^^.y.2'^y-2v.^-5:S    ducted  to  the  ash  pit  of  the  producer 

through  the  pipe  E,  by  the  sucking 
_  effect  in  the  producer,  while  the  gas 

I  S'S  o  S  S  I  SI  «  ^  il-3-^^^  "  c5  «    passes  from  the  evaporator  to  the 
:^-  of  ^  ^2-1  ^^  M^^  ScS'S  H  2i  ^  5  o  o    scrubber  filled  with  coke. 

"H  g':^!  ^^  fe'cl^l^  li^  u.si  1'^'^  ^^  As  the  gas  rises  through  the  inter- 

is«^'S  r:  ^g  "^  o^fe-«  rt-g,^g'^5^.£|.a'  stices  of  the  coke,  the  washing  water 

grt-Sf  :S.o  >-n^^^  y  l^-o  gl^^^J^  ^4;^j  descends  and  not  only  takes  up  and 

c^.2-;'o"gS  ^,  a;?  rt'S  2  2^  "l-^^-^  JI 2:^  §*  removes  the  dust  brought  over  by 

^o^l^^g'^-^si^^'StiSo^'gr^^a  the  gas,  but  also  clears  it  of  ammoni'a 

'S.C  §•!  S  2^1  l^^l  «  3|"2  CO  o  S|:^  Is  ^"*^  ^^^^'^  irnpurities  which  have  a 

^x^'at5""^j2^-:3^'^SS'^"^«'"^.§;»|^|  tendency  to  combine  readily  with 

%^-^l  ^-ill-S  ^^3  o  i-:l5-:lc  CO-  .  8  water.     From  the  scrubber  the  gas 

"'  ~""^"^'"  passes  to  the  receiver  or  j«c/iow  &o:x:. 

The  diameter  of  the  receiver  being 
relatively  much  larger  than  that  of 

ill's  ^  ^  a-^^-^l  ^^  o;n  I  g  g  |:S  2|     the  suction  pipe  of  the  engine,  the 
||  2  ^-^Ss  >  bo^'i  %_%^  >  e3>  o  ^"olsfi    Strokes  of  the  engine  piston  do  not 
"^  *^'Bl§rt?iS"§^5>'-°fei''2|'^ti^"     therefore  cause  pulsations  between 
a  §^52t3  g  1%^  3II  o  o"§:^:S  fc  8  S  ^S-S    the  receiver  and  the  producer. 

■^  3.5  c  }2  o  ^  gH  wt!^?  g  ^5i>:^aj  c/;:3  >*^  o  The  producer  is  usually  provided 
M3iS^:^S^S^r>^Si^^-|6.Sa^  with  a  charging  hopper  capable  of 
^  s  o  ^  ^ ^  .  o  c  >  -^  -  -  2  3^  .  .  S ._.  w ^     holding    enough    fuel    for    several 

hours'  operation,  in  the  smaller  sizes, 
and  allows  the  admission  of  fuel  to 
the  combustion  chamber  without 
permitting  access  of  air  thereto  dur- 
ing the  charging  operation. 

In  operating,  a  fire  is  kindled  upon 

a  S^  c«^.2  5:^:S.a'rt^tS  JS^^'^^.ti  ^  §5  ^  g     the  grate,  the  fuel  bed  built  thereon, 
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and  the  air  necessary  for  starting  combustion  supplied  by  means  of  a  hand 
or  belt-driven  fan,  F.  The  poor  and  lean  gas  produced  at  starting  is  first 
allowed  to  escape  into  the  open  air  through  the  vent  pipe,  G,  until  the  test  cock 
shows  that  good  gas  is  being  produced.  The  pipe,  G,  is  then  closed  and  the  . 
scrubber  and  receiver  are  brought  into  the  gas  circuit.  The  engine  is  now 
put  in  operation  and  as  it  thereafter  performs  the  function  of  the  fan,  the  latter 
is  stopped,  the  operation  of  the  entire  system  becoming  automatic. 


G- 


Fig.  2,919. — Detail  of  Otto  engine  cylinder,  valve  gear  side,  tn  operation,  when  gasoline  is 
used,  it  is  delivered  by  the  gasoline  pump  driven  by  an  eccentric  on  the  side  shaft,  into  the 
stand  pipe,  from  which  it  gravitates  to  the  gasoline  valve  A,  which  regulates  the  quantity 
of  gasoline  and  the  time  of  its  admission,  so  as  to  supply  automatically  the  proper  mixture  of 
air  and  gas  according  to  the  requirements  of  the  varying  load.  The  valve  A,  is  operated  by 
the  cam  B,  on  the  side  shaft  C,  the  cam  actuating  a  rocker  shaft  D,  the  lower  arm  of  which  is 
fitted  with  a  long  pin  which  carries  the  gasoline  roller  E.  This  roller  has  a  free  lateral  move- 
ment which  is  governed  by  the  vertical  arm  of  the  bell  crank  F,  connected  with  the  governor 
a  very  slight  movement  of  which  is  sufficient  to  pldce  the  roller  in  or  out  of  engagement 
with  the  cam  on  the  shaft.  The  speed  of  theengine  is  regulated  by  the  governor  which  changes 
the  position  of  the  gasoline  roller,  so  that  the  fuel  is  admitted  only  when  the  speed  is  normal 
or  slightly  below  it.  The  governor  is  of  the  fly  ball  weighted  type.  Ignition  is  effected  by 
an  electric  spark,  the  igniter  being  operated  by  the  igniter  lever  G,  actuated  by  the  side  shaft. 
The  electrodes  of  the  igniter  are  tipped  with  platinum,  and  the  current  is  derived  from  a 
primary  battery. 

Producer  Gas  Engines. — It  should  be  noted  that  engines 
which  have  been  designed  to  operate  on  gasoline  fuel  require 
modification  before  they  will  be  suitable  for  operation  on  pro- 
ducer gas.  First  the  valve  areas  will  have  to  be  larger,  due  to 
the  necessity  of  taking  in  large  quantities  of  a  weaker  gas,  and 
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second,  a  higher  compression  will  be  necessary  and  advisable 
for  best  economy.  Compressor  pressures  according  to  Durand 
of  from  150  to  180  lbs.  should  be  used. 

Rated  Capacity  of  Standard  Sizes  and  Space  Required 
Akerlund  Type  B  Gas  Producers 


Rated  Capacity 

Space  Required 

No. 

Horse 

Coal  per 

A 

B 

C 

D 

E 

F 

Power 

hour(  bs) 

2 

25 

40 

18'-0" 

12'-9" 

6'-3" 

10'-6" 

12'-0'' 

17'-0'' 

5 

50 

75 

19'-9'' 

13'-9'' 

6'-9'' 

10'-6" 

12'-0" 

17'-0" 

r 

75 

115 

2r-0'' 

14'-6'' 

7'-3'' 

10'-6" 

12'-0" 

17'-0" 

10 

100 

150 

22'-0'' 

15'-0'' 

7'-6'' 

10'-6'' 

12'-0" 

17'-0" 

15 

150 

225 

23'-3'' 

16'-0" 

8'-0'' 

10'-6'' 

12'-0'' 

17'-0'' 

20 

200 

300 

25'-0'' 

17'-0" 

8'-6'' 

ir-6'' 

12^-6" 

18'-0" 

25 

250 

375 

26'-0'' 

17'-9'' 

8'-9" 

ir-6" 

12'-6'' 

18'-0'' 

30 

300 

450 

28'-0'' 

18'-6'' 

9'-3" 

ir-6" 

12'-6" 

18'-0'' 

35 

350 

525 

28'-6'' 

19'-0" 

9'-6" 

ll'-6" 

12'-6" 

18'-0" 

40 

400 

600 

30'-3'' 

20'-0" 

lO'-O" 

12'-6'' 

13'-6'' 

18'-0'' 

50 

500 

750 

33'-0'' 

21'-3" 

10'-6'' 

12'-6'' 

13'-6" 

20'-0'' 

75 

750 

1125 

36'-9'' 

22'-9'' 

ir-6'' 

14'-0" 

14'-6'' 

22'-0" 

100 

1000 

1500 

42'-3'' 

24'-3'' 

12'-3'' 

15'-0" 

14'-6'' 

24'-0" 

Note. — Mechanical  scrubbers.  The  objection  to  mechanical  scrubbing  is  that  it  is  not 
positive.  A  producer  depending  upon  mechancial  apparatus  for  delivering  clean  gas  ceases  to 
deliver  clean  gas  as  soon  as  the  mechanical  parts  become  inefficient.  Inefficiency  will  result 
from  reduction  in  speed  or  failure  to  clean  out  the  apparatus  at  the  proper  time.  Granting 
that  the  mechanical  scrubber  will  deliver  clean  gas  when  in  perfect  condition  (which  has  not 
been  proved  in  actual  practice  with  all  fuels),  it  is  perfectly  clear  that  such  apparatus  is  liable 
to  become  ineffective  at  times  due  to  the  slipping  of  a  belt,  the  burning  of  a  fuse,  failure  in 
water  supply,  clogging  of  moving  parts,  or  any  one  of  the  minor  mishaps  which  may 
occur  in  the  course  of  actual  operation.  Whenever  this  happens,  dirty  gas  goes  over  to  the 
engine  or  to  the  pipe  connections  and  causes  the  troubles  which  the  mechanical  scrubber  is 
supposed  to  prevent.  As  recovered  from  the  mechanical  scrubber,  tar  seldom  has  a  market 
value  as  a  by-product,  and,  even  in  the  rare  cases  where  there  is  a  demand  for  marketable  tar 
at  a  profitable  price,  the  tar  removed  from  the  gas  usually  has  to  be  treated  before  it  can  be 
sold.  Therefore,  mechanical  scrubbing  equipment  for  bituminous  fuel  cannot  be  considered 
reliable  or  effective.  Moreover,  the  power  required  for  driving  the  mechanical  scrubber  ia 
excessive  and  this  reduces  the  overall  efficiency  of  the  plant. — Standard  Co. 

Note. — Double  zone  producers.  Machines  of  the  double  zone  type,  or  those  which 
introduce  draft  from  above  and  from  below,  must  confine  themselves  to  a  limited  field,  because 
they  cannot  be  recommended  for  simplicity  and  ease  of  operation,  and  because  there  are  many 
fuels  which  will  not  behave  properly  in  this  type  of  apparatus.  There  is  no  way  for  the  operator 
to  tell  which  zone  is  doing  the  work.  When  the  upper  zone  cools  off,  or  when  the  fire  drops  to 
a  lower  level,  tar  goes  over  with  the  gas  and  the  producer  becomes  for  all  practical  purposes  a 
simple  updraft  producer.  The  labor  of  operation  is  hard,  skilled  labor  is  required,  and  the 
equipment  is  both  cumbersome  and  expensive. 
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Fig.  2,924.— Smith  type  F,  tar  ex- 
tractor. In  operation,  the  producer 
gas  partially  cooled  in  the  primary 
condenser,  enters  the  rotary  ex- 
hauster B,  which  delivers  it  under 
two  or  three  pounds  pressure  to  the 
gas  main  C.  The  gas  then  passes 
through  the  mat  of  glass  wool  E,  at 
high  velocity  and  with  a  drop  in  pres- 
sure of  one-half  to  two  pounds.  The 
raw  gas  entering  the  mat  of  glass  wool 
contains  the  tar  in  the  form  of  a  fog, 
there  being  millions  of  particles  of  the 
tar  per  cubic  inch  of  the  gas  In  its 
passage  through  the  mat  of  glass  wool 
a  peculiar  change  occurs ,  the  particles 
in  the  tar  fog  becoming  agglomerated 
into  large  drops.  These  fall  out  of 
the  gas  by  gravity  into  the  trap  G, 
and  the  cleaned  gas  passes  to  the  distributing  system.  The  tar  extractor  is  in  no  sense  a  filter. 
The  tar  is  removed  from  the  gas  and  collected  as  described  above,  no  deposited  tar  remaining 
in  the  mat  of  glass  wool  which  stays  serviceable  continuously.  The  advantages  over  mechan- 
ical scrubbing  are  greater  cleanness,  less  power  and  water  required  and  easier  handling  of  tar 
because  of  less  entrained  water. 


Pin    2  Q^Ft — Alfprliinrl  small  size  suction  down  draught  nroaucer. 
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LARGE  DOORS  FOR  VENTILATION 


Fig.  2,934.— Nel- 
son producer 
plant.  A,  pro- 
ducer; B,  gas 
elbow  connects 
producer  with,  C, 
scrubber  and 
drier;  cleaning 
door  for  remov- 
ing ashes;  E, 
hopper  with  air 
seal;  F,  an  inlet 
for  the  steam  and 
air  entering  the 
fire  box;  G,  grate 
shaker;  H ,  gas 
outlet  to  engine. 


Figs.  2,932  and  2,933. 
in  boat. 


-Plan  and  elevation  of  typical  Galusha  marine  producer  plant  installed 
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Pig.  2,937. — How  to  read  a  gas  meter.  Each  hand  moves  in  a  different  direction  as  indicated 
by  the  arrows.  Read  the  figures  that  the  hands  have  actually  passed,  beginning  with  the  dial 
at  the  left,  and  add  two  ciphers  to  the  right  of  the  reading.  Subtract  the  last  month's  reading 
from  the  above  index  and  the  difference  will  be  the  gas  used  to  date. 


WATER   HEATED 
IN   TOP   PLATES 

SUPPLIED    TO 

VAPORISER 


Figs.  2,935  and  2,936. — ^Akerlund,  type  B  water  cooled  top  plates,  showing  construction. 
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Fig.  2,938. — Sectional  view  of  gas  producer  house  at  Lackawanna  Steel  Co.,  Butlalo,  N.  Y.» 
showing  Morgan  producer  and  coal  and  ash  handling  equipment. 


NOTE. — Proportions  of  gas  producers  and  scrubbers, — Small  inside  diameter  means 
excessive  draught  through  the  fire.  If  a  fire  be  forced,  as  will  be  necessary  with  too  small  an 
inside  diameter,  the  results  will  be  clinkers  and  blow  holes  or  chimneys  through  the  fire  bed, 
with  excess  CO2  and  weak  gas;  clinkers  fused  to  the  lining,  and  burning  out  of  grates.  If  suffi- 
cient steam  be  used  to  keep  down  the  excessive  heat,  the  result  is  likely  to  be  too  much  hydrogen 
in  the  gas,  with  the  attendant  engine  troubles.  The  lining  should  never  be  less  than  9  in» 
thick  even  in  the  smaller  sizes,  and  a  100  h.p.,  or  larger,  producer  should  have  at  least  12  in. 
of  generator  lining.  The  lining  next  to  the  fire  bed  should  be  of  the  best  quality  of  refractory 
material.  A  good  lining  consists  of  a  course  of  soft  common  bricks  put  in  edgewise  next  to  the 
steel  shell  of  the  generator,  laid  in  Portland  cement;  then  a  good  fire  brick  6  in.  thick  laid  inside 
to  fit  the  circle,  the  bricks  being  dipped  as  laid  in  a  fine  grouting  of  ground  firebrick.    If  we 
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NOTE. — Continued^ 

take  IM  lbs.  of  coal  per  h.p.-hoxxr  as  a  fair  average  and  10  lbs.  of  coal  per  hour  per  square  foot 
of  internal  fuel  bed  cross  section,  with  9  in.  of  refractory  lining  up  to  100  h.p.  and  at  least 
12  in.  of  lining  on  larger  sizes,  the  generator  will  give  good  gas  without  forcing  and  without 
excessive  heat  in  the  zone  of  complete  combustion.  A  200  h.p.  producer  on  this  basis  con- 
sumes 250  lbs.  of  coal  at  full  load,  and  at  10  lbs.  per  sq.  ft.  internal  area  25  sq.  ft.  will  be  neces- 
sary. With  a  12  in,  lining,  the  outside  diameter  will  be  92  in.  Practice  has  shown  that  the 
depth  of  the  fuel  bed  should  never  be  less  than  the  inside  diameter  up  to  6ft.;  above  this  size , 
the  depth  can  be  adjusted  as  experience  indicates  the  best  working  results.  Assuming  for  a 
200  h.p.  producer  18  in.  for  the  ash  pit  below  the  grate,  12  in.  for  the  thickness  of  the  grate 
and  the  ashes  to  protect  it,  68  in.  depth  of  fuel  bed,  24  in.  above  the  fuel  to  the  gas  outlet,  the 
height  will  be  10  ft.  4  in.  to  the  top  of  the  generator;  above  this  the  coal  feeding  hopper,  say 
32  in.  high,  is  mounted;  this  makes  the  height  over  all  13  ft.  The  wet  scrubber  of  a  gas  pro- 
ducer should  be  of  ample  size  to  cool  the  gas  to  atmospheric  temperature  and  wash  out  most  of 
the  impurities.  A  good  rule  is  to  make  its  diameter  three-fourths  that  of  the  inside  diameter 
of  the  generator  and  the  height  one  and  one-half  times  the  height  of  the  generator  shell.  For 
a  100  h.p.  producer,  4  ft.  inside  diam.,  the  wet  scrubber  should  be  3  ft.  inside  diam.,  and  if 
the  generator  shell  be  8  ft.  6  in.  high,  the  scrubber  should  be  12  ft.  9  in.  high.  When  filled  with 
the  proper  amount  of  baffling  and  scrubbing  material  (coke  is  commonly  used) ,  the  scrubber 
will  have  space  for  about  30  cu.  ft.  of  gas.  A  100  h.p.  gas  engine  using  12,000B.t.u.  per  h.p.- 
hour  will  use  160  cu.  ft.  of  125  B.t.u.  gas  per  minute.  The  wet  scrubber  will  therefore  be 
emptied  b}>i  times  every  minute,  and  would  require  about  8^  gallons  of  water  per  minute; 
if  the  diameter  of  the  scrubber  were  reduced  one-third ,  the  volume  of  water  necessary  to  cool 
and  scrub  the  gas  would  have  to  be  doubled.  Gas  must  be  cooled  below  90°  F.  to  eYiable  it 
to  give  up  the  impurities  it  carries  in  suspension,  and  even  lower  than  this  to  condense  its 
moisture.  A  separate  dry  scrubber  with  two  compartments  should  always  be  provided  and 
the  piping  between  the  two  scrubbers  so  arranged  that  the  gas  can  be  turned  into  either  part 
of  the  dry  scrubber  at  will.  The  dry  scrubber  should  be  equal  in  area  to  the  inside  of  the 
generator  and  the  depth  of  each  part  should  be  sufficient  to  accommodate  at  least  2  cu.  ft.  of 
scrubbing  material  and  give  1  cu.  ft.  of  space  next  to  the  outlet.  Oil  soaked  excelsior  is  a 
good  scrubbing  material  and  should,  be  packed  as  closely  as  possible. — F.  C.  Try  on.  Power, 
Dec.  1,  1908. 


NOTE. — The  best  coal  to  buy  for  a  producer  in  any  locality  is  that  which  by  analysis 
or  calorimeter  test  shows  the  most  heat  units  for  a  dollar.  It  rarely  pays  to  buy  gas  coal  unless 
it  can  be  had  at  a  moderate  cost  over  the  ordinary  steam  bituminous  grade.  For  very  high 
temperature  melting  operations  a  fairly  high  percentage  of  volatile  matter  is  necessary  to  give 
a  luminous  flame  and  intensify  the  radiation  from  the  roof  of  the  furnace.  Freely  burning 
gas  coals  are  the  most  easily  gasified,  and  the  capacity  of  the  producer  to  handle  these  coals 
is  twice  as  great  as  when  a  slaty,  dirty  coal,  high  in  ash  and  sulphur,  is  used.  It  is  usually 
best  to  use  "run-of-mine"  coal,  crushed  at  the  mine  to  pass  a  4-in.  ring.  It  never  pays  to 
use  slack  coal,  for  it  cuts  down  the  capacity  by  choking  the  blast,  which  has  to  be  run  at  high 
pressure  to  get  through  the  fire,  overheating  the  gas  and  lowering  the  efficiency  of  the  pro- 
ducer. There  is  always  a  certain  amount  of  CO 2  formed,  even  in  the  best  practice;  in  fact,  it 
is  inevitable,  and  if  kept  within  proper  limits  does  not  constitute  a  net  loss  of  efficiency,  espe- 
cially with  very  short  gas  flues,  because  the  energy  of  the  fuel  so  burned  is  represented  in  the 
sensible  heat  or  temperature  of  the  gas,  and  results  in  delivering  a  hot  gas  to  the  furnace.  The 
best  result  is  at  about  4%  CO2,  a  gas  temperature  between  1,100°  and  1,200°  F.,  and  flues  less 
than  100  ft.  long.  The  amount  of  steam  required  to  blow  a  gas  producer  is  from  33  %  to  40% 
of  the  weight  of  the  fuel  gasified.  If  30  lbs.  of  steam  be  called  a  standard  horse  power,  we  have 
therefore  to  provide  about  1  h.p.  of  steam  for  every  80  lbs.  of  coal  gasified  per  hour  or  for 
every  ton  of  coal  gasified  in  24  hours.  In  the  original  Siemens  air  blown  producer  about  70% 
of  the  whole  gas  was  inert  and  30%  combustible.  Then  with  the  advent  of  steam  blown  pro- 
ducers the  dilution  was  reduced  to  about  60%,  with  40%  combustible.  Now,  under  the  sys- 
tem of  automatic  feed,  uniform  conditions,  perfect  distribution  and  adjustment  of  the  steam 
blast  here  presented,  we  are  able  to  reduce  the  nitrogen  to  50%  and  sometimes  less.  In  the 
best  practice  the  voltime  of  gas  from  the  producer  is  now  reduced  to  about  60  cu.  ft.  per  pound 
of  coal,  of  which  30  cu.  ft.  are  nitrogen.  These  volumes  are  measured  at  60°  F.  The  tem- 
perature of  the  gas  leaving  the  producer  under  best  modem  conditions  is  about  1,200°  F.  It 
can  be  run  cooler  than  this,  but  not  much,  except  at  a  sacrifice  of  both  quantity  and  quality. 
At  this  temperature,  the  sensible  heat  carried  by  the  gas  is  1,200  X. 35  (average  specific  heat) 
=  ^20 B.t.u.  per  pound.     As  one  pound  of  good  gas  is  about  16  cu.  ft.  and  carries  about  16  X180 
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NOTE  .—Continued . 

=2,880  heat  units  at  normal  temperature,  we  see  that  the  sensible  heat  carried  away  repre- 
sents about  one-seventh,  or  over  14%  of  the  combustive  energy,  which  is  much  too  large  a 
percentage  to  lose  whenever  it  can  be  utilized  by  using  the  gas  at  the  temperature  at  which  it 
is  made.  Capacity  of  producers. — The  capacity  of  a  gas  producer  is  a  varying  quantity 
dependent  upon  the  construction  of  the  producer  and  upon  the  quality  of  the  coal  supplied  to 
it.  The  point  is,  not  to  push  the  producer  so  hard  as  to  bum  up  the  gas  within  it;  also  to 
avoid  blowing  dust  through  into  the  flues.  These  two  limitations  in  a  well  constructed  auto- 
matically fed  gas  producer  occur  at  about  the  same  rate  of  gasification,  namely,  at  about 
10  lbs.  per  sq.  ft.  of  surface  per  hour  with  bituminous  coal  carrying  10%  of  ash  and  \}^%  oi 
sulphur.  With  gas  coal,  having  high  volatile  percentage  and  low  ash,  this  rate  can  be  safely 
increased  to  12  lbs.  and  in  some  cases  to  15  lbs.  per  sq.  ft.  At  10  lbs.  per  sq.  ft.  the  capacity 
of  a  gas  producer  8  ft.  internal  diameter  is  500  lbs.  per  hour,  which  with  gas  coals  may  be  in- 
creased to  a  maximum  of  about  700  lbs.  It  frequently  happens  that  the  cheapest  coal  avail- 
able is  of  such  quahty  that  neither  of  these  figures  can  be  reached,  and  the  gasification  per 
sq.  ft.  has  to  be  cut  down  to  6  or  7  lbs.  per  hour  to  get  the  best  results.  Flues. — It  is  neces- 
sary to  provide  large  flue  capacity  and  to  carry  the  full  area  right  up  to  the  furnace  ports, 
which  latter  may  be  slightly  reduced  to  give  the  gas  a  forward  impetus.  Generally  speaking, 
the  net  area  of  a  flue  should  not  be  less  than  Vfe  of  the  area  of  the  gas  making  surface  in  the 
producers  supplying  it.  Or  it  may  oe  stated  thus:  The  carrying  capacity  of  a  hot  gas  flue 
is  equivalent  to  200  lbs.  of  coal  per  hour  per  sq.  ft.  of  section.  Loss  of  energy  in  a  gas  pro- 
ducer,— The  total  loss  from  all  sources  in  the  gasification  of  fuel  in  a  gas  producer  under 
fairly  good  conditions,  when  the  gas  is  used  cold  or  when  its  sensible  heat  is  not  utilized,  ranged 
between  20  %  and  25  %,  which  under  very  bad  conditions  may  be  increased  to  50  %.  The  loss 
tmder  favorable  conditions,  using  the  gas  hot,  is  reduced  to  as  low  as  10%,  which  also  includes 
the  heat  of  the  steam  used  in  blowing. — Morgan  Construction  Co. 


AEROPLANES  1,527 


CHAPTER  50 
AEROPLANES 


An  aeroplane  may  be  defined  as  a  heavier  than  air  flying 
machine;  it  consists  essentially  of: 

1.  A  body  or  frame  (ill  advisedly  called  fuselage  or  nacelle*) 
which  carries 

2.  The  power  plant,  passengers,  etc.,  and  to  which  is  at- 
tached 

3.  The  landing  gear,  or  under  carriage, 

4.  The  wings  (planes)  and 

5.  Control  devices. 

In  order  to  understand  the  text,  the  following  definitions  of 
terms  used  in  connection  with  aeroplanes  should  be  understood: 


Definitions 

Aerofoil — A  lifting  surface  or  wing.  , 

Ailerons — Movable  hinged  surfaces  for  control  of  rolling  or  hanking. 

Air  pocket — A  local  movement  of  the  air  causing  an  aeroplane  to  drop. 

Angle  of  incidence— The  angle  at  which  a  wing  is  inclined  to  the  line  of 
flight. 


*NOTE. — The  practice  of  introducing  foreign  terms  in  place  of  plain  English  cannot  be 
too  strongly  condemned.  There  is  no  sane  reason  for  such  practice,  in  fact  it  reflects  an 
egotistical  desire  to  display  a  knowledge  (?)  of  some  other  language. 
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Aspect  ratio — The  long  span 
of  the  wing  surface  divided  b}^ 
the  width. 


Bank — To  tilt  sideways  in 
turning. 

Body — The  main  frame  of  an 
aeroplane  which  covers  the  power 
planes  and  operator,  and  to 
which  are  attached  the  wings, 
landing  gear,  etc. 

Body  skid — Flexible  support 
usually  placed  in  front  of  the 
landing  gear. 

Camber— The  depth  of  the 
curve  given  to  the  surface  of  a 
wing;  curvature. 

Chord — Distance  between  the 
entering  edge  and  trailing  edge 
of  a  wing  measured  on  a  straight 
line  touching  front  and  rear  bot- 
tom point  of  a  wing. 

Cockpit — The  opening  and 
space  in  the  body  where  the 
passengers  sit. 

Control  braces — Steel  struts 
on  the  controls  to  which  the  con- 
trol wires  are  attached. 

Controls — Devices  used  for 
operating  the  adjustable  surfaces 
and  for  regulating  the  movements 
of  the  machine  in  flight. 

Critical  angle — The  steepest 
angle  that  can  be  assumed  by  an 
aeroplane  for  a  given  speed  with- 
out loss  of  control. 
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Decalage — Difference  in  angle  of  incidence  between  any  two  distinct 
aerofoils. 

Dope — Preparation  for  treating  the  cloth  surfaces  to  produce  tautness 
and  to  maintain  air  and  moisture  tightness. 

Drag — The  total  resilience  overcome  by  the  thrust  of  the  propeller. 

Drift — ^An  objectionable  term  for  the  horizontal  component  of  the  force 
due  to  the  air  striking  the  inclined  surface  of  the  wings  and  which  tends 
to  push  the  machine  backward. 

Drift  wires — Horizontal  wires  leading  from  the  nose  of  the  frame  to  the 
wings  to  prevent  collapsing  toward  the  rear. 

Elevator — A  hinged  horizontal  control  surface  acting  to  lift  or  depress 
the  tail  of  the  machine. 

Pairing — Building  up  a  member  or  part  with  a  false  piece  to  give  it  a 
stream  line. 

Fineness  ratio — The  fore  and  aft  length  of  the  body  divided  by  the 
greatest  width  across  the  wind. 

Flaps — Hinged  horizontal  control  surfaces  cut  out  of  the  wings. 

Flying  wires — Those  supporting  the  body  when  in  flight. 

Fuselage — A  term  sometimes  used  for  body. 

Gap — The  distance  between  the  upper  and  lower  wings  of  a  biplane. 

Gliding  angle — The  angle  of  inclination  assumed  by  an  aeroplane  when 
descending  with  power  shut  off. 

Hangar — ^An  aeroplane  shed. 

Horizontal  fin — The  horizontal  fixed  tail  plane. 

Horizontal  stabilizer — The  horizontal  fixed  tail  plane. 

Horns — Steel  struts  on  the  controls  to  which  the  control  wires  are  at- 
tached. 

Joy  stick — ^A  control  lever  operating  the  controlling  surfaces,  usually 
the  wing  flaps  and  elevator. 

Landing  gear — The  wheels  and  supports  for  landing. 

Landing  wires — The  single  wires  supporting  the  weight  of  the  panels 
when  landing  or  on  the  ground. 

Leading  edge — The  front  or  entering  edge  of  a  plane. 
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Lift — The  vertical  component  of  the  pressure  of  the  air  acting  on  the 
inclined  surfaces  of  the  wings  and  which  tend  to  lift  the  machine. 

Longerons — The  fore  and  aft  members  of  the  body  framework, 

Longitudinals — The  fore  and  aft  members  of  the  body  framework. 

Monoplane — An  aeroplane  having  only  one  lifting  surface  or  pair  of 
wings. 

Nose  dive — ^A  dangerously  steep  descent. 

Outrigger — The  framework  connecting  the  main  surface  with  an  elevator 
placed  in  advance  of  it. 

Pancake — To  stall. 


1                  i  ^^^ 
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Pig.  2,941. — Burgess  pusher  observation  biplane.  A  machine  designed  for  medium  speed  with 
great  weight  carrying  capacity.  The  observer  is  extended  in  front  of  the  wings  to  increase 
the  range  of  vision.  General  specifications:  span  45  ft.;  length  over  all  31  ft.  6  inches; 
horse  power,  140;  live  load,  920  lbs.;  speed,  maximum,  85,  minimum,  47  miles  per  hour; 
seating  capacity,  2;  fuel,  enough  for  4  hours. 


Panel — A  section  of  the  wings. 

Pitch  of  propeller — The  distance  forward  that  ti^  propeller  would 
travel  in  one  revolution  if  there  were  no  slip. 

Planes — The  main  supporting  surfaces  of  an  aeroplane. 

Pitch — To  plunge  nose  down. 
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Pusher — ^A  rear  drive  aeroplane;  one  that  is  pushed  instead  of  pulled 
through  the  air. 

Pylon — ^Any  V-shaped  construction  from  the  point  of  which  wires  are 
taken. 

jRi 6— Framework  members  transverse  to  the  spars. 

Rod — To  turn  about  the  longitudinal  axis. 

Rudder — A  hinged  surface  giving  lateral  control,  the  same  as  a  ship's 
rudder. 


^^pIS  *^^HPPIiiftj 


Fig.  2,944. — Burgess- Dunne  flying  boat.     It  is  designed  primarily  for  sportsnieif  who  do  not 

wish  to  lose  the  sensation  of  the  speed  boat,  but  who  also  wish  to  broaden  their  scope  of 
pleasure  by  flying.  General  specifications:  span,  53  ft.;  length  all  over  25  ft.  2  inches; 
horse  power,  100;  live  load,  560  lbs.;  speed,  maximum,  68,  minimum,  43  miles  per  hour; 
seating  capacity,  3;  fuel  enough  for  3  hours. 


Side  slip — To  fall  due  to  excessive  bank  or  roll. 

Skid — To  be  carried  sideways  by  centrifugal  force  when  turning  to 
right  or  left. 

Slip — The  difference  between  the  actual  forward  travel  of  a  propeller  in 
one  revolution  and  its  pitch. 

Spread — The  distance  from  tip  to  tip  of  the  wings. 
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Stability — The  property  of  an  aeroplane  to  maintain  its  direction  and 
return  easily  to  its  equilibrium  against  disturbing  conditions. 

Stabilizer — A  surface,  such  as  a  fin  or  tail  plane  designed  to  give  in- 
herent stability. 

Stagger — The  horizontal  distance  that  the  entering  edge  of  the  upper 
wing  is  ahead  of  the  entering  edge  of  the  lower  wing. 

Stalling — Loss  of  control  in  assuming  angles  of  incident  greater  than 
the  control  angle. 

Stream  line — The  shape  of  a  body  or  part  which  presents  the  least 
resistance  to  the  wind. 

Struts — Members  used  to  take  pressure  or  compression. 

Tail — -The  rear  surfaces  of  the  machine. 

Tail  skid — Flexible  support  under  the  tail. 

Toss — To  plunge  tail  down. 

Tractor — A  front  drive  aeroplane;  one  that  is  pulled  instead  of  pushed 
through  the  air. 

Trailing  edge — The  rear  edge  of  a  plane. 

Undercarriage — The  wheels  and  supports  for  landing. 

Vertical  fin — The  small  vertical  fixed  plane  in  front  of  the  rudder. 

Vertical  stabilizer — The  small  vertical  fixed  plane  in  front  of  the 
rudder. 

Volplane — ^A  gliding  descent. 

Wash — The  disturbance  of  air  produced  by  the  flight  of  an  aeroplane. 

Wash  in — An  increasing  angle  of  incidence  of  a   wing  surface  toward 
its  tip. 

Wash  out — A  decreasing  angle  of  incidence  of  a  wing  surface  toward 
its  tip. 

Warp — To  distort  a  controlling  surface. 

Wing  bars — The  longitudinal  spars  of  the  interior  wing  framework. 

Wings — The  main  supporting  surfaces  of  an  aeroplane. 

Wing  skid — Flexibility  support  under  the  lower  wing. 

Wing  tip — The  right  or  left  hand  extremity  of  a  surface. 
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Figs.  2,947  and  2,948.— Elevation   and  plan  of  Bleriot 
monoplane . 
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Figs.  2,949  and  2,950.— Plan  and  elevation  of  a  biplane  frame  showing  construction.     In  fig. 
2,949  the  lower  wing  is  not  shown  for  clearness. 


AEROPLANES 


1,539 


Here  is  seen  the  lower  and  upper  longerons  which  may  be  compared  to 
keelsons  and  clamps  in  boat  construction.  Connecting  the  upper  and 
lower  longerons  are  upright  struts,  each  panel  thus  formed  being  braced  by 
diagonal  or  cross  wires. 

At  the  rear  end  or  tail  is  a  post,  exactly  similar  to  a  stern  post  in  boat 
construction,  except  that  it  projects  downward  below  the  frame  and  has 
pivoted  at  its  end  the  tail  skidj  which  cushions  the  shock  in  landing. 

The  longerons  terminate  in  front  at  the  radiator,  the  construction  being 


Fig.  2,951. — Front  end  of  frame  showing  bracing  at  ends  of  longerons,  engine  bed  and  fastening 
for  radiator. 

very  strong  as  the  engine  is  placed  just  back  of  the  radiator  as  in  an  auto- 
mobile. 


NOTE. — Nature  of  wood  under  stress.  Wood,  for  its  weight,  takes  the  stress  of  compres- 
sion far  better  than  any  other  stress.  For  instance,  a  walking  stick  of  less  than  1  pound  in 
weight,  if  held  perfectly  straight,  will  probably  stand  a  compression  stress  of  over  1,000  pounds 
before  crushing,  whereas  if  the  same  stick  be  put  under  a  bending  stress,  it  will  probably  collapse 
under  a  stress  of,  say  50  pounds.  Hence,  in  aeroplane  construction  the  design  is  such  as  to 
keep  as  far  as  possible  the  wooden  compression  members  in  direct  compression. 
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On  each  side  of  the  frame,  just  back  of  the  engine  space,  and  fastened  to 
the  upper  and  lower  longerons  are  fore  and  aft  struts  to  which  the  wings 
are  attached.  These  struts  are  made  rigid  by  cross,  and  fore  and  aft 
diagonal  brace  wires.  These  four  struts  are  attached  at  the  top  to  the 
center  wing  section. 

Attached  to  each  lower  longeron  are  three  struts  suitably  braced  forming 
the  landing  gear  or  under  carriage  which  carries  the  wheels  upon  which 
the  machine  rests  when  landing,  or  not  in  flight. 

-CROSS  WIRES 
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Fig.  2,952. — Detail  of  upper  longeron  showing  fitting  connecting  longeron,  strut,  cross  ] 
and  brace  wires. 

SHACKLE 


CROSS  WIRE 


LOWE.R   LONGERON 


METAL  LON&ERON  CLIP 


Fig.  2,953. — Detail  of  lower  longeron  and  strut  end,  showing  fitting  for  securing  strut  to  longeron 
and  eyes  for  attaching  brace  wires. 


The  illustrations  show  a  two  seater,  the  cockpit  openings  being  seen 
above  the  upper  longerons  and  the  floor  beams  between  the  upper  and 
lower  longerons. 

Various  details  in  the  construction  of  the  frame  are  shown  in  the  accom- 
panying figures. 


AEROPLANES 


1,541 


RUBBER  CORD 
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ABSORBER 


POST 


SKID 


Fig.  2,954. — Rear  end  or  tail  of  frame  showing  rear  post  and  tail  skid. 


^CROSS  STRUT  AXLE^ 
^(Oj  HOUSING 

'RUBBER  SHOCK  ABSORBER 
RUBBER  TIRE (50  LBS.  AIR  Pr'eSSURE) 

Fig.  2,955. — Landing  gear  or  under  carriage,  showing  two  strut  type,  attachment  to  lower 
longerons,  wire  bracing,  shock  absorbers,  etc. 
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The  Wings. — Aeroplanes  may  be  classified  according  to  the 
lumber  of  pairs  of  wings  provided,  as 

1.  Monoplanes. 

2.  Biplanes. 

3.  Triplanes,  etc. 

The  terms  are  self -defining,  referring  to  machines  having 
■espectively  one,  two,  and  three  pairs  of  wings.  While  the 
nonoplane  is  the  most  efficient  type,  the  biplane  is  considerably 
stronger,  and  is  the  standard  type,  except  for  very  large  machines 
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IGS.  2,956  and  2,957. — Flat  and  curved  wing  surfaces  and  their  effect  on  the  air. 


/hich  are  triplane.  The  cross  sectional  shape  of  the  wings  has 
nuch  to  do  with  their  efficiency.  Early  experimenters  tried 
at  wings  and  failed  because  of  the  air  disturbances  above  the 
^ings.  Success  was  obtained  by  imitating  the  shape  of  bird 
rings  with  curved  surfaces.  The  effects  of  flat  and  curved  wing 
actions  are  shown  in  figs.  2.956  and  2,957. 
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In  construction  a  wing  consists  of  a  framework  made  up  of 
two  longitudinal  members  or  spars  connected  with  a  number  of 
light  cross  ribs  called  aerofoils,  the  assemblage  being  braced 
diagonally  by  wires  and  covered  with  cloth  rendered  air  tight 
by  treating  with  a  preparation  or  dope.  The^  dope  acts  as  a 
filler  giving  a  smooth  surface  and  some  degree  of  resistance  to 
deterioration  by  exposure. 


AILERON   OR  FLAP 


^j SECTION    CUT  AWAY 

^       FOR  AILEIRON 


STRUT  RIBS 
FOR  DIAGONAL 
BRACE  WIRES 


Fig.  2,958. — Construction  of  wiring  framework  showing  the  front  and  rear  spars,  ribs,  diagonal 
wire  bracing,  location  of  control  flap,  with  names  of  parts,  etc.  On  either  side  of  the  spars 
run  thin  strips  of  spruce,  bent  to  form  the  pioper  wing  curve  on  top  and  bottom.  The 
main  ribs  are  separated  and  held  in  shape  by  thin  webbing  between  the  outer  ribs,  this  being 
cut  full  of  holes  for  lightness.  The  leader  edge  may  be  a  U-shaped  spar  of  wood,  metal  or 
veneer,  while  the  rear  trailing  edge  is  generally  wire  or  small  steel  tubing. 


Fig.  2,958  shows  the  construction  of  the  framework  just  de- 
scribed with  names  of  the  parts  and  terms  relating  to  wings.  It 
will  be  noted  that  part  of  the  wing  is  cut  away  at  the  end  for  the 
movable  control  flap  or  aileron,  which  is  hinged  to  the  rear  spar. 
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AUXILIARY  RIBS 


MAIN    RIB 

/ 


TRAILING 
EDGE 


Fig.  2,959. — ^Wing  construction  with  main  and  auxiliary  ribs.     In  this  arrangement  theT\ 

are  a  certain  number  of  ribs  between  the  main  ribs  which  have  no  support  other  than  th 
spars  or  narrow  chord  sections,  and  by  spaces  or  extra  wing  spars  on  wide  chord  wings 


Figs.  2,960  to  2,966. — ^Various  details  of  wing  framework  construction.  Fig.  2,960  rib  to  spa 
fastening;  figs.  2,961  and  2962,  web  end;  fig.  2,963,  rib  section;  figs.  2,964  and  2,965,  type 
of  wing  spar;  fig.  2,966,  main  rib  assembly 
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Figs.  2,960  to  2,966  show  details  of  the  framework  construction. 

On  multi-plane  machines  where  one  wing  is  superimposed  upon  another, 
the  wings  are  connected  together  by  struts  attached  to  the  wing  spars  as 
shown  in  figs.  2,967  and  2,968,  and  fixed  by  diagonal  wire  bracing.     In  this 


Figs.  2967  and  2968. — Method  of  connecting  wings  by  struts  and  diagonal  bracing,  illustrating 
the  terms  chord,  gap  and  stagger. 

LEADING  EDGE 


ANGLE  OF 
INCIDENCE 


Fig.  2969. — Wiring  main  rib  illustrating  the  terms  camber,  chord,  angle  of  incidence. 


arrangement  it  will  be  noted  that  the  chords  are  parallel,  and  that  the 
upper  wing  is  in  advance  of  the  lower  wing,  this  difference  in  position 
projected  being  called  the  stagger,  also  the  distance  between  the  planes  is 
known  as  the  gap. 

In  practice,  the  best  results  are  obtained  by  making  the  gap  equal  to  the 
chord;  if  made  greater  the  added  length  and  head  resistance  of  the  struts 
and  wires,  between  the  planes  outweigh  the  advantages  of  increased 
efficiency. 
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Wing  Covering. — Of  the  different  fabrics  used  for  covering 
the  wings,  linen  is  the  most  suitable  because  it  is  strong,  tough, 
and  does  not  easily  tear. 

Due  to  the  scarcity  of  linen,  woven  cotton  fabrics  are  extensively  used, 
although  they  have  several  disadvantages.  They  are  easily  torn  when  once 
started  and  weigh  IM  to  4  ozs.  per  square  yard;  tensile  strength  25  to  80 
lbs.  per  sq.  in. 

^THREAD  SEWN  THROUGH    THE  CLOTH 
..AND   LOOPED  AROUNOJTHE    Rl§5       __  _-^^   - 


SECTION  OF  RIB 
SHOWING  MANNER 
OF  ATTACHING.^ 
CLCfTH 


Figs.  2,970  and  2,971. — Details  of  wiring  frame  and  rib  showing  method 
of  attaching  the  cloth  fittings  for  the  diagonal  brace  wires,  and 
stringer  to  stiffen  ribs. 

The  weight  of  linen  varies  from  3J^  to  4J^  ozs.  per  sq.  yd.     Tensile 
strength  60  to  100  lbs.  per  sq.  in.,  depending  on  the  weight  of  the  cloth. 


Dopes. — This  vulgarism  is  a  general  term  applied  to  the 
various  impregnating  compounds  used  in  treating  the  cloth 
surfaces  to  render  them  air  and  moisture  tight,  taut  and  smooth. 
It  is  claimed  that  the  application  of  dopes  increases  the  strength 
of  the  fabric. 


AEROPLANES 


1,547 


Dopes  are  divided  into  two 
classes. 

1.  Those  made  from  a 
base  of  cellulose  nitrate  or 
pyroxylin . 

2 .  Those  made  from  a  base 
of  cellulose  acetate. 


In  either  case  the  base  is  dis- 
solved in  a  suitable  solvent,  and 
often  substances  are  added  to 
preserve  the  flexibility  of  the  sub- 
stance and  to  modify  shrinking. 
These  substances  are  analogous 
to  camphor  in  celluloid. 

The  difference  between  cellu- 
lose acetate  and  cellulose  nitrate 
being  the  inflammability  of  the 
latter. 

On  the  other  hand,  the  initial 
cost  of  cellulose  dopes  is  greater 
than  the  cost  of  the  pyroxylin 
dopes. 

A  mediimi  has  been  struck  by 
the  manufacturers  in  using  three 
coats  of  the  pyroxylin,  and  finish- 
ing off  with  two  coats  of  the 
cellulose  acetate.  This  is  a  fire 
resisting  surface. 

Here  is  an  example  of  the 
difference  between  the  two  dopes. 

Test  panels  were  made  up  of 
the  fabric  stretched  on  a  frame, 
and  the  dopes  above  mentioned 
applied.  After  they  had  dried, 
this  experiment  was  undertaken. 
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A  lighted  match  was  placed  on  these  panels.  In  the  case  of  the  acetate 
dope,  the  fabric  was  not  ignited  until  the  coating  of  dope  had  charred  or 
melted.  The  pyroxylin  dope  immediately  flared  up,  and  set  fire  to  the 
fabric.     Therefore,  the  cellulose  dope  is  much  safer. 

Spar  varnish  is  sometimes  coated  over  the  doped  surface.  Most  dopes 
do  not  stick  well  on  varnish,  and  to  make  repairs,  the  varnish  must  be 
removed. 

There  is  one  trouble  encountered  with  dopes,  and  that  is  the  appearance 
of  white  spots  on  the  surfaces  after  the  wings  have  been   doped.      These 


re.  2,973— Sperry  synchronized  drift  set.  It  consists  of  a  drift  indicator  and  compass. 
In  the  drift  indicator  a  specially  powered  monocular  telescope,  affording  a  clear  view  of 
the  ground  below,  is  mounted  so  that  it  can  be  turned  about  on  axis  passing  vertically 
through  it.  The  telescope  contains  several  parallel  hairs,  stretched  across  the  field  of 
vision,  which  normally  rest  parallel  with  the  fore  and  aft  line  of  the  aeroplane.  While 
in  flight,  the  earth's  surface  flows  so  rapidly  across  the  field  of  vision  that  single  objects 
or  irregularities  cannot  be  identified ,  but  seem  to  form  into  long  flowing  lines.  An  analogy 
of  this  may  be  obtained  by  looking  at  the  ground  from  a  window  of  a  moving  train .  To 
determine  the  angle  of  drift,  the  telescope  is  turned  so  that  the  parallel  hairs  are 
coincident  with  the  lines  of  motion.  A  pointer  which  travels  over  a  scale  indicates,  in 
degrees  the  actual  angle  of  drift.  The  compass  is  so  constructed  that  the  lubber  line  can 
be  moved  relatively  to  the  fore  and  aft  line  of  the  aeroplane.  This  renders  it  unnecessary 
for  the  pilot  to  make  a  mathematical  deduction  of  what  Ms  course  should  be,  as  he  has 
only  to  move  the  lubber  line  through  the  number  of  degrees  and  in  the  direction  indicated 
on  the  drift  indicator.  The  indicator  is  mechanically  corrected  to  the  lubber  lines 
shifting  mechanism  so  that  the  movement  of  the  telescope  moves  the  lubber  line  thus 
correcting  any  drift.  _  Thus  the  pilot  has  his  course  prescribed  for  him  by  the  observer  who 
operates  the  drift  indicator,  which  at  the  same  time  moves  the  lubber  line  in  the  compass. 
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spots  occur  most  frequently  with  the  pyroxyHn  dopes,  rather  than  with  the 
acetate  dopes.     These  spots  show  up. 

Dopes  cover  23^  to  5  sq.  yds.  per  gal.  when  applied  so  as  to  give  a  durable 
surface,  generally  four  to  six  coats.  The  weight  of  the  dope  ranges  from 
IJ^  to  33^  oz.  per  square  yard. 

The   ControL — An  aeroplane  in  flight  is  subject  to  three 
motions,  the  same  as  a  vessel  in  a  rough  sea. 

1.     Up  and  down  motion; 

In  pointing  upward  or  downward,  as  in  climbing  or  descending,  similar 
to  the  angles  of  inclination  taken  by  a  vessel  in  riding  a  wave. 


Fig.  2,974 — Effect  of  drift.  Point  A, 
represents  the  point  of  departure.  E, 
is  the  point  to  be  reached,  and  AD, 
is  a  side  wind  whose  velocity  com- 
pares with  the  velocity  of  the  aero- 
plane as  AD ,  is  to  AB .  It  will  be  seen 
from  this  that  although  the  pilot's 
compass  is  indicating  north,  his  true 
course  is  considerably  west  of  north, 
along  the  line  AF,  and  he  will  miss 
his  objective,  E,  by  many  miles.  If, 
upon  failing  to  find  his  objective ,  the 
pilot  turn  about  to  return  to  his  base, 
it  is  natural  for  him  to  steer  south  or 
in  the  direction  from  which  he  came. 
This  would  carry  him  along  a  line 
parallel  to  CF.  In  cases  where  it  is 
important  to  arrive  at  or  return  to  a 
given  place,  it  is  not  difficult  to  ap- 
preciate the  value  of  such  an  instru- 
ment, for  determining  deviation  to 
offset  drift. 


c 


Lateral  motion; 


Due  to  changing  air  conditions  one  wing  may  tip  upward  and  the  other 
downward  tending  to  upset  or  turn  over  the  machine,  just  as  a  vessel  rolls 
from  one  side  to  the  other  in  a  rough  sea . 

3.     Directional  motion; 

The  machine  may  change  its  course  either  to  right  or  left,  as  a  vessel 
responds  to  the  rudder. 

Because  of  these  possible  motions  and  in  order  that  the  opera- 
tor may  control  the  motion  of  the  machine  by  causing  it  to 
assume    any    desired    position    it    is    necessary    that    there    be 
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provided  controlling  devices  for  each  motion.    These  are  respec- 
tively: 

1.  The  up  and  down  control; 

2.  The  lateral  or  rolling  control; 

3.  The  right  and  left  control; 

These  three  controls  are  the  movable  controls  as  distinguished 
from  the  fixed  controls  or  stabilizers. 

The  Up  and  Down  Control. — At  the  upper  end  of  the  tail  post  where 
the  upper  longerons  are  attached  is  a  transverse  piece  placed  at  right  angles 


HORIZONTAL   STABIUZ.E.R 


FIXED   COMTROL 


e;levators 


MOVABLE  CONTROL 


HINGE.' 


Fig.  2,976. — ^Horizontal  stabilizer  or  fixed  horizontal  control  surface  to  prevent  sensitive  response 
to  the  elevators.  If  the  stabilizer  be  too  large  the  machine  becomes  stiff  and  unduly  resists 
the  elevator  control;  if  too  small,  it  becomes  tricky .  In  practice,  it  has  been  found  that  a 
stabilizer  having  an  area  of  6  to  8  %  of  the  wing  area  and  placed  from  2  to  2>^  chord  lengths 
back  of  the  wing  gives  the  best  results. 


to  the  tail  post,  and  to  which  the  up  and  down  control  flaps  or  elevators  are 
hinged  as  shown  in  fig.  2,975,  one  on  each  side  of  the  post. 

Each  elevator  has  two  control  arms  A  A'  and  BB',  connected  by  cables 
to  the  arms  C  and  C,  the  latter  being  attached  to  a'  transverse  shaft. 
Keyed  to  the  center  of  this  shaft  is  an  arm  E,  which  is  connected  to  the 
joy  stick  at  F,  by  the  rod  G. 

The  joy  stick  is  pivoted  at  H,  to  the  lateral  control  shaft,  which  is  free  to 
turn  in  the  bearing  I,  giving  virtually  a  universal  joint  at  H. 

In  flight  when  the  joy  stick  is  in  the  vertical  or  neutral  position  N,  the 
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Fig.  2,977. — The  lateral  control.  It  consists  of  movable  flaps,  hinged  to  the  trailing  side  a 
the  wings  at  the  ends  as  shown,  and  connected  to  the  joy  stick  by  suitable  cable  and  pulle 
gearing.  The  ge^r  is  so  arranged  that  the  flaps  on  Qjie  side  move  in  an  opposite  directio 
to  those  on  the  other  side.     On  some  machines  only  the  top  wing  is  provided  with  flapg 
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elevators  are  in  a  plane  perpendicular  to  the  tail  post  and  do  not  tend  to 
change  the  normal  flying  angle  of  the  machine. 

Moving  the  joy  stick  fore  or  aft  moves  the  elevators  respectively  up  or 
down.  Thus  when  the  stick  is  moved  forward  to  position  D,  the  elevators 
are  inclined  downward  to  position  d,  giving  an  upward  pressure  on  the 
elevators,  steering  the  machine  down.  Again  moving  the  stick  aft  to 
position  U,  deflects  the  elevators  upward  to  position  u,  giving  a  downward 
pressure  on  the  elevators  and  causing  the  machine  to  point  upward. 

Evidently  if  some  means  were  not  provided  to  resist  somewhat  the 
effect  of  the  elevator  control  the  machine  would  be  so  sensitive  to  the  move- 
ment of  the  elevators  as  to  become  imstable  or  tricky,  hence  a  fixed  tail 
surface  called  the  horizontal  stabilizer  is  provided  as  shown  in  fig.  2,976. 
The  effect  of  this  fixed  surface  is  to  hold  the  machine  in  its  normal  flying 
angle,  thus  giving  inherent  stability  so  that  when  the  elevators  are  moved 
this  inherent  stability  must  be  overcome  before  the  machine  will  alter  its 
angle  of  flight.  The  machine  is  accordingly  rendered  less  sensitive,  that  is, 
the  stabilizer  tends  to  damp  out  oscillations  or  "hunting"  of  the  machine  in 
responding  to  the  movement  of  the  joy  stick. 

The  Lateral  Control. — If  in  flight  any  disturbing  condition  should 
cause  the  machine  to  lose  its  equilibrium  in  a  transverse  direction,  that  is, 
unequal  wind  pressures  may  cause  one  wing  to  rise  and  the  other  to  drop, 
the  machine  would  roll  over  or  upset,  unless  means  were  provided  to  over- 
come such  tendency.  Accordingly,  each  wing  is  provided  with  a  hinged 
flap  near  its  elevator  as  shown  in  fig.  2,977,  being  so  connected  to  the  joy 
stick  by  cables  and  pulleys  that  when  the  stick  is  moved  to  the  right  or 
left  the  flaps  will  be  inclined  upward  on  the  side  toward  which  the  stick  is 
moved  and  downward  on  the  other  side.  The  gearing  between  the  joy 
stick  and  flaps  is  clearly  shown  in  the  figure  so  that  its  working  is  easily 
understood. 

Now,  if  in  flight,  the  left  wings  rise  and  the  right  wings  drop,  this  may 
be  overcome  by  pushing  the  joy  stick  toward  the  high  side  (that  is,  to  the 
position  marked  L  in  the  figure) .  This  elevates  the  left  flaps  causing  pressure 
on  that  side  from  above,  and  depresses  the  right  flaps  causing  pressure 
there  from  below.  The  left  side  then  is  pushed  down  and  the  right  side 
up,  bringing  the  machine  back  in  a  horizontal  position. 

When  the  horizontal  position  is  reached  the  joy  stick  is  brought  back  to 


NOTE. —  Warp  control. — In  this  method  of  lateral  control,  wires  pass  from  the  control 
stick  or  wheel  through  fan  heads,  low  down  on  the  body,  to  the  rear  outer  strut  of  the  warping 
section  of  the  way.  There  are  various  ways  of  attaching  these  warping  wires.  One  method  is 
to  pass  the  wires  through  fan  leads  fitted  at  the  bottom  of  the  rear  outer  struts  to  different  points 
along  the  warping  section  of  the  top  plane.  Only  the  top  plane  is  warped,  and  may  be  warped 
along  the  entire  length  of  the  plane  or  only  the  outer  section.  Warp  controlled  machines  are 
fitted  with  a  compensating  wire  which  is  usually  placed  along  the  top  of  the  upper  plane  leading 
from  one  warp  section  to  the  warp  section  on  the  opposite  plane .  By  this  means  when  one 
warp  section  is  pulled  down  by  the  control  device,  the  opposite  warp  section  is  pulled  up  by 
the  compensating  wire. 
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the  vertical  or  neutral  position.     With  the  connection  as  shown  the  joy 
stick  is  naturally  moved  toward  the  side  to  be  lowered. 

Lateral  Stability. — This  may  be  defined  as  the  sideways 
balance  of  the  machine.  There  are  several  conditions  which  tend 
to  turn  a  machine  over  sideways,  or  cause  it  to  "skid  "  These 
are: 

1.  Excess  wind  pressure  on  one  side. 

2.  Sudden  gust  of  wind  not  in  the  direction  of  the  Hne  of 
travel. 


^v^eoRAL  >q 


'^Gte. 
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Fig.  2,979. — ^Inclination  of  the  wings  to  the  horizontal  to  secure  lateral  stability.     The  di- 
hedral and  so  called  dihedral. 

3.  Centrifugal  force. 

4.  Propeller  torque. 

The  means  employed  to  overcome  these  disturbing  conditions 
are: 

1.  IncHned  wings. 

2.  Variable  angle  of  incidence. 

3.  Center  of  gravity. 

4.  Side  surface  (so  caiied  keel  surface). 

5.  Vertical  stabilizers. 

Inclined  Wings, — To  secure  lateral  stability,  the  wings  are  inclined 
upward  from  the  frame  to  their  tips  as  shown  in  fig.  2,979,  the  angle  between 
the  two  wings  being  known  as  the  dihedral  and  not  the  angle  which  the 
wings  make  with  the  horizontal  as  conveniently  and  erroneously  stated  by 
some  writers. 
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The  effect  of  inclining  the  wings  in  giving  lateral  stability  is  shown  in 
figs.  2,980  and  2,985. 


H0RIZ0NJTAL;WIN|-6^'Fv 
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*IGS.  2,980  to  2,985. — Inclination  of  wings;  lifting  and  stabilizing  effects.  Since  the  lifting 
power  of  wings  depends  on  their  projected  area  instead  of  their  actual  area,  it  follows  that 
when  the  two  wings  A  and  B ,  are  in  the  same  plane ,  their  projected  area  A'  ,B' ,  will  equal  their 
actual  area  A,B,  and  the  full  lifting  power  will  be  obtained.  Now  in  the  case  of  inclined 
wings  C,D,  the  projected  areas  C',D',  are  less  than  their  actual  areas  C.D,  and  their  lifting 
power  is  reduced.  Here,  C'',D",  represent  the  projected  areas  lost  by  the  inclination,  which 
also  represent  the  loss  in  lifting  power.  Stabilizing  effect:  If  in  flight  a  sudden  gust  of 
wind  cause  the  machine  to  tip  to  one  side,  so  that  the  wings  assume  the  positions  E,F,  then 
the  projected  area  E',  is  less  than  F',  the  projected  area  of  F,  hence  the  lifting  power  of  F,  is 
greater  than  that  of  E,  which  tends  to  bring  the  machine  back  to  its  horizontal  position. 
The  solid  black  area  E",  is  the  projected  area  lost  by  wing  E,  when  rotated  from  the  hori- 
zontal position  A,  to  the  inclined  position  E,  area  F,  being  equal  to  D'+D". 
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Now  when  the  wings  are  indined,  the  effective  Hfting  surface  is  equal  to 
the  projected  area,  and  as  shown  in  fig.  2,980,  when  the  machine  is  not 
inclined  to  either  side,  the  projected  area  of  each  wing  is  the  same,  hence 
the  hfting  force  on  each  wing  is  the  same. 

Now,  if  the  air  pressure  become  greater  on  one  side  than  the  other,  as 
by  a  sudden  gust,  it  will  raise  that  side  as  shown  in  fig.  2,981.  When  the 
machine  becomes  inclined  sidewise  as  here  shown  the  projected  area  of  the 
low  wing  is  increased,  and  that  of  the  high  wing  decreased,  consequently 
the  lifting  force  on  the  high  side  is  reduced  and  that  on  the  low  side  in- 
creased. 


B 
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HORIZONTAL    COMPONENT 
DUE  TO  INCLINATION  OF  WINGS 

Figs.  2,986  and  2,987. — Inclination  of  wings  causes  a  side  thrust.  Let  AB,  and  AC  (=ab 
and  ac)  equal  lift  of  the  two  wings ,  then  taking  A'B ,  and  AC'  equal  and  parallel  respectively  to 
AB  and  AC ,  completing  the  parallelogram ,  and  draw  A'D ,  the  resultant .  Since  this  upward 
pull  A'D,  is  inclined  to  the  vertical,  there  will  be  a  side  thrust  equal  to  the  horizontal  coin- 
ponent  DE,  acting  in  the  direction  DE,  to  push  the  aeroplane  sideways. 


These  unequal  forces  will  clearly  cause  the  low  wing  to  rise  and  the 
high  wing  to  descend,  thus  bringing  the  machine  back  to  a  horizontal 
position.  The  wings  are  inclined  (to  the  horizontal)  only  a  few  degrees, 
otherwise  their  lifting  power  would  be  unduly  reduced. 

Center  of  Gravity — 'The  position  of  the  center  of  gravity  has  a  marked 
effect  on  the  lateral  stability  of  the  machine. 

In  order  to  produce  a  lateral  righting  effect  the  center  of  gravity  should 
be  low,  just  as  the  ballast  in  a  sail  boat  is  placed  low  to  counteract  the 
side  thrust  of  the  sails.  However,  if  the  center  of  gravity  be  too  low,  the 
side  oscillations  or  swings  are  liable  to  be  increased  in  amplitude;  if  too 
high,  the  tendency  would  be  to  upset  the  machine. 
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Side  Surface, — It  is  difficult  to  understand  how  the  idiotic  expressioi 
keel  surface  ever  came  into  use  to  mean  the  side  surface  of  an  aeroplane. 

Comparing  an  aeroplane  to  a  boat,  any  one  knows  that  the  keel  an( 
side  surface  of  the  boat  are  two  entirely  distinct  things,  the  surface  of  th 
keel  being  extremely  small  as  compared  to  the  surface  of  the  side. 

The  term  side  surface  means  everything  to  be  seen  when  viewing  ai 
aeroplane  from  the  side,  that  is,  by  definition  the  projected  area  of  everythin 
visible  from  the  side  of  an  aeroplane. 

By  properly  proportioning  and  arranging  the  side  surface,  the  machin 
is  rendered  stable  against  rolling  and  skidding 


Fig.  2,988. — The  side  surface  of  an  aeroplane,  being  the  projected  area  of  everything  visible  as 
viewed  J rom  the  side,  it  is  the  effective  surface  upon  which  the  wind  may  act  from  the  side. 
The  term  keel  surface  is  frequently  and  ill  advisedly  used  for  side  surface. 


If  the  side  surface  be  low,  the  side  force,  as  of  a  side  gust  of  wind  blowing 
against  it,  will  rotate  the  aeroplane  sideways  so  that  the  windward  wing 
will  sink;  if  high,  the  windward  wing  will  rise,  but  if  on  the  same  level  with 
the  center  of  gravity,  there  will  be  no  tendency  to  rotate  the  machine,  and 
will  simply  oppose  the  skidding. 

Vertical  Stabilizers. — These  are  the  small  fins  placed  above  the  center 
of  gravity  1,  on  the  tail,  and  2,  sometimes  on  top  of  the  upper  wings.  If, 
due  to  a  sudden  side  gust,  the  machine  should  move  sideways  to  any  extent, 
the  high  fins  resist  this  movement  and  also,  because  they  are  higher  than 
the  center  of  gravity,  tend  to  bank  up,  the  machine,  that  is,  revolve  it  on 
its  longitudinal  axis  so  that  the  windward  wing  sinks,  thus  giving  lateral 
stabiHty. 
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Evidently,  if  the  vertical  stabilizers  were  placed  below  the  center  of 
gravity  the  opposite  rotar>^  effect  would  be  produced  which  would  tend  to 
upset  the  machine. 

The  rear  fin  placed  as  an  advance  continuation  of  the  rudder,  evidently 
prevents  over  sensitiveness  to  the  movement  of  the  rudder  thus  avoiding 
himting  or  directional  oscillations  of  the  machine  in  responding  to  the 
rudder. 


FORWARD   N/ERTICAL    STABILIZERS 


-UPPER  wings- 


Pig.  2,989. — Forward  vertical  stabilizer  or  fin.     'ihese  are  used  principally  in  hydroplanes  to 
balance  the  abnormally  large  side  surface  of  the  body. 


VERTICAL  STABILIZER 


\ 

V 

I 
I 

I' 


^IG.  2,990. — Rear  vertical  stabilizer  or  fin,  to  secure  stability  against  skidding  by  resisting  the 
skid,  giving  a  banking  effect,  also  to  damp  out  the  directional  oscillations  due  to  response  to 
rudder,  and  to  overcome  centrifugalforce.ortendency  of  the  tail  to  skid  outward  in  making 
a  turn. 
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Variable  Angle  of  Incidence. — If  the  propeller  were  held  so  that  it 
couldn't  turn,  the  power  of  the  engine  woiild  be  spent  in  turning  the  aero- 
plane round  its  shaft  as  an  axis. 

In  fact,  the  air  striking  the  blade  of  the  propeller  obliquely  presents  considerable  re- 
sistance against  its  rotary  motion,  and  a  corresponding  force  is  exerted  on  the  machine  to 
turn  it  in  an  opposite  direction.  To  overcome  this  tendency  to  turn  the  machine,  it  suffices 
to  give  a  greater  angle  of  incidence  and  therefore  greater  lift  to  the  left  wing,  assuming  the 
propeller  to  be  turning  clockwise  from  in  front.  This  increased  angle  of  incidence  tends  to 
'<%i^i  «-  Mf-  i-ir-<>ic>i>-Aki^r.  rotate  the  machine  in  the  same 

ANGLE  OF  RtoloTANCt  direction  in  which  the  propeller  is 

A«;  1J<;UAIIY    MFA«;iJDFn  rotating,    thus    overcommg   the 

A5  U5UALLY    MtA5>UHtU  opposite      rotation     which     the 

torque   reaction  would  produce. 


CAMBER- 


TRUE  ANGLE  OF  RESISTANCE 


Figs.  2,991  and  2,992.— Angl«  of 
resistance  as  usually  and  incor- 
rectly measured,  and  real  angle 
of  resistance.  This  error  has 
crept  in  no  doubt  on  account  of 
the  difficulty  of  measuring  the 
angle  shown  in  fig.  2,992. 


Fig.  2.993. — Method  of  measur- 
ing the  so-called  angle  of 
incidence. 
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Two  rather  objectionable  terms  are  used  to  indicate  the  variable  angle 
of  incidence  provided  for  overcoming  the  propeller  torque:  Wash  in 
meaning  the  increase  of  angle  of  incidence  toward  the  wing  tips,  and 
wash  out  meaning  the  decrease  of  angle  of  incidence  toward  the  w4ng 
tips,  as  shown  in  fig.  2,994.  Both  lateral  and  directional  stability  may  be 
improved  by  washing  out  the  angle  of  incidence  on  both  sides. 


WA5H  IN 
RELATIVE  TO  B 


WASH  OUT 
RELATIVE  TO  /\ 


Fig.  2,994. — Front  view  of  aeroplane  illustrating  the  terms  wash  in  and  wash  out  which  mean 
respectively  the  increase  and  decrease  in  the  angle  of  incidence  of  the  wings  from  the  center 
toward  the  tips. 


PROPELLER   TORQUE  TENDS  TO 
-ROTATE   MACHINE  CLOCKWISE 


WASH  IN  TO 
COUNTERACT 
PROPELLER 
TORQUE 


\h         PROPELLER 


ROTATION 

Pig.  2,995. — Front  view  of  aeroplane  illustrating  how  wash  in  opposes  the  turning  over  effect 
due  to  the  propeller  engine. 


Wash  out  renders  the  ailerons  more  effective,  as,  in  order  to  operate 
them,  it  is  not  necessary  to  give  them  such  a  large  angle  of  incidence  as 
would  otherwise  be  required.  The  effect  of  wash  in  in  opposing  the 
tendency  of  the  propeller  torque  to  turn  the  machine  over  is  shown  in 
fig.  2,995. 
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The  advantage  of  wash  in  is  offset  somewhat  by  loss  of  lift,  as  the  lift 
decreases  with  the  decreased  angle. 

Directional  Control. — An  aeroplane  is  steered  by  a  rudder  just  like  a 
boat.  The  rudder  is  pivoted  to  the  rear  post  and  is  connected  by  cables 
to  a  foot  bar  in  front  of  the  operator,  so  that  steering  (right  or  left)  is  done 
by  means  of  the  feet  pressing  against  the  foot  bar  which  is  pivoted  at  the 
center  to  the  cockpit  floor  as  shown  in  fig.  2,966. 

The  rudder  is  sometimes  used  in  connection  with  the  ailerons  as  a  means 
of  checking  any  swerving  tendency.  The  ailerons  at  the  same  time  then  in 
restoring  lateral  balance,  tend  to  change  the  directional  course  of  che  machine,, 
and  the  rudder  in  such  case  must  be  used  to  oppose  this  tendency.  The 
rudder  is  also  frequently  used  to  preserve  a  straight  course  against  the 
disturbing  action  of  side  winds. 


LAMINATIONS 


''iG.  2,997. — ^Assembly  of  wooden  laminations  or  boards  glued  together  and  ready  for  the 
routing  operation. 


The  Propeller. — This  is  hand  made,  and  hence  the  reason 
vhy  it  is  so  expensive.  Propellers  are  made  almost  exclusively 
)f  laminations  of  wood . 

Fig.  2,997  shows  the  laminations  as.^embled  before  cutting, 
^ach  lamination  is  cut  to  pattern.  Black  walnut  is  considered 
he  most  desirable  wood  for  propellers  but  maple  and  birch  are 
ilso  used.  Black  walnut  and  spruce  are  often  used  in  alternate 
ayers.  After  the  laminations  are  glued  together  the  assembly 
s  roughed  out  by  hand  with  different  forms  of  draw  knife,  but 
n  some  of  the  larger  shops  special  routing  machines  capable  of 
outing  several  propellers  at  one  time,  as  shown  in  fig.  2,998,  are 
ised  thus  saving  considerable  time  and  reducing  the  expense 
Proportionately. 
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The  operation  of  a  propeller  is  similar  to  that  of  a  boat,  that 
is  the  oblique  blade  surfaces  push  back  a  column  of  air,  the 
resistance  of  which  gives  a  forward  thrust  to  the  propeller  shaft. 

If  the  propeller  acted  in  solid  matter  it  would  advance  forward  each 
revolution  a  distance  depending  on  the  obliquity  of  the  blades.  This  is 
called  the  pitch,  but  with  a  substance  like  air  there  is  some  slip  so  that  the 
forward  advance  per  revolution  is  less  than  the  pitch,  the  difference  between 
the  pitch  and  the  actual  advance  per  revolution  is  the  slip  usually  expressed 


Fig.  2,998. — Multi-tool  routing  machine  for  routing  several  propellers  in  one  operation .  The 
dark  propeller  in  the  center  acts  as  a  template  and  guides  the  four  cutting  tools  througl 
a  pantagraph  like  gear  which  causes  each  cutting  tool  to  reproduce  the  movements  of  th< 
master  tool  or  guide  rod . 

as  a  percentage  of  the  pitch.     Thus,  if  a  propeller,  having  a  pitch  of  10  ft. 
advance,  say,  73^  feet  per  revolution,  the  slip  is  10 — 73^=2}^  ft.  or  25% 

In  construction,  since  the  outer  end  of  the  propeller  travels  faster  thai 
points  nearer,  the  center  the  pitch  angle  changes,  increasing  from  the  end  t( 
the  hub. 

The  nearer  the  ratio  of  pitch  to  diameter  approaches  1 ,  the  more  efficien 
is  the  blade.     The  propeller  surface  should  be  very  smooth  especially  nea 


AEROPLANES 


1,565 


the  outer  end  where  the  speed  is  greatest,  otherwise  there  will  be  consid- 
erable "skin  friction." 

The  propeller  should  be  perfectly  balanced  and  the  surface  areas  of  both 
ends  equal. 

Mechanics  of  Flight 

Lift  of  the  Wings. — When  the  wings  are  moving  through  the 
air,  Hft  is  due  to:  1,  pressure  against  the  under  surface  of  the  wings 
caused  by  the  inertia  of  the  air  on  being  deflected  downward  by 
the  advancing  incHned  planes,  and  2,  partial  vacuum  formed  over 

INERTIA   OF  AIR  CAUSES    VACUUM 


LINE  OF  MOTION  OF  WING 


INERTIA  OF  AIR   CAUSES  PRESSURE 


Fig.  2,999. — Section  of  wing  illustrating  lift  as  caused  by  inertia  of  the  air  in  causing  upwaid 
pressure  on  the  lower  surface,  and  partial  vacuum  on  the  upper  surface  of  the  wing. 


the  top  of  the  wing  curved  surface,  also  by  the  inertia  of  the  air 
by  virtue  of  which  it  cannot  deflect  and  fill  up  instantly  the  space 
swept  through  by  the  advancing  inclined  wings. 

Stagger. — When  there  are  more  than  one  pair  of  wings  as  in 
biplanes,  triplanes,  etc.,  if  one  pair  be  placed  directly  over  the 
other  pair,  the  suction  region  on  the  top  of  the  under  wing,  and 
the  compression  region  below  the  upper  wing  both  find  them- 
selves confined  in  about  the  same  space,   so  that  the  excess. 
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Fig.  3,000. — Method  of  measuring  the  stagger  of  the  wing.  This  can  be  measuied  either  hori- 
zontally or  along  the  line  of  the  chord.  Some  makers  measure  one  way,  some  another,  but 
the  correct  way  should  be  shown  on  the  diagram  which  should  accompany  every  wing. 
The  two  measurements  may  be  as  much  as  3<i  inch  difference,  which  is  sufficient  to  make  the 
machine  nose,  or  tail  heavy  as  the  case  may  be. 

AIR  CROWDED  BETWEEN  THE  TWO 
WING5 


POOR  VACUUM 

INTERFERENCE^ 

Figs.  3 ,001  and  3 ,002. — ^Wings  with ,  and  without  stagger  showing  effect  of  stagger  in  increasix 
the  vacuum  on  the  top  surface  of  lower  wing. 
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pressure  under  the  top  wing  causes  the  air  to  expand  downward 
and  reduce  the  vacuum  on  top  of  the  under  wing  as  in  fig.  3,001, 
thus  decreasing  the  efficiency  of  the  wing  surface. 

It  has  been  found  that  if  the  top  wing  be  placed  a  little  in  advance  of  the 
lower  wing  (that  is,  given  stagger)  there  is  less  interference  with  the  vacuum 
on  top  the  lower  wing,  thus  the  lower  wing  is  rendered  more  efficient,  as 
shown  in  fig.  3,002. 


CONSIDERABLE.    SLIP 


SMALL  SLIP 


Tt 

SHORT  SPAN 


EQUAL    AREAS 


Figs.  3,003  and  3,004. — ^Wings  of  short  and  long  span  (low  and  high  aspect  ratio)  showing  why 
the  long  wing  is  the  more  efficient.  Wing  tips  are  inefficient  because  they  "spill,"  or  allow 
the  air  to  slip  sideways  past  their  ends,  hence  in  a  long  span  wing  as  in  fig.  3,004  the  end 
X)ortion  or  tip  is  only  a  small  percentage  of  the  total  area,  and  accordingly  little  air  slips 
by  the  tips  as  compared  with  a  short  span  wing  which  has  a  wide  tip . 


Figs.  3,005  and  3,006. — Good  and  bad  cross  sectional  shapes  of  struts.  In  fig.  3,005,  the  long 
easy  curve  permits  the  air  to  follow  the  surface,  thus  practically  no  vacuum  is  formed;  while 
in  fig.  3,006,  the  air  cannot  follow  the  abrupt  curve  resulting  in  a  vacuum  which  acts  as  a  drag 
or  resistance  opposing  its  advance. 


Wing  Shape. — In  early  experiments  it  was  found  that  square 
wings  were  very  inefficient,  and  if  they  were  made  long  rather 
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For  equilibrium  there  must  be  sufficient  lift  to  balance  gravity, 
and  sufficient  thrust  to  balance  the  air  force.  In  other  words, 
there  are  two  pairs  of  forces,  as  shown  in  fig.  3,007,  acting  re- 
spectively vertically  and  in  the  lines  of  flight,  and  each  pair  are 
in  balance — ^that  is,  the  thrust  or  pull  due  to  the  propeller  is  equal 
to  the  force  of  the  air  acting  on  the  machine. 

The  ratio  of  lift  to  this  air  force  determines  largely  the  value  of  a  wing 
curve,  and  in  general,  that  curve  which  gives  the  greatest  amount  of  lift 
THRUST    =  AIR   FORCE 


Fig.  3  008.— Relation  between  the  thrust  of  the  propeller  and  air  force  or  resistance  to  the  for- 
ward motion  of  the  machine  due  to  the  air. 

with  the  least  air  force  at  the  speed  for  which  the  machine  is  designed  is 
the  most  efficient. 

The  ratio  of  Hft  to  air  force  varies  approximately  from  1  to  1  on  a  flat 
plate  to  8  or  10  to  1  for  wings  of  special  forms.  The  ratio  8  to  1  is  easily 
obtained.  This  means  that  for  every  pound  of  forward  thrust  given  by 
the  propeller,  8  pounds  of  weight  can  be  lifted  vertically  at  the  normal 
speed  of  the  machines. 


Center  of  Gravity.— By  definition,  the  center  of  gravity  of  a 
body  is  that  point  about  which,  if  suspended,  all  the  parts  will  he  in 
equilibrium. 

The  position  of  the  center  of  gravity  of  an  aeroplane  has  a 
marked  influence  on  it's  behavior  in  the  air;  it  should,  therefore. 
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be  known,  and  accordingly  should  be  measured  and  marked  on 
the  machine. 

The  conditions  would  be  ideal  if  all  the  forces  acted  at  the 
center  of  gravity,  but  in  construction  the  line  of  thrust  and  line 
of  resistance  does  not  usually  coincide,  because  the  line  of  thrust 
coincides  with  the  propeller  shaft  axis,  and  this  is  usually  above 
the  line  of  resistance. 


RATIO  8: 1 


LIFT 


AIR    FORCE 

Fig  .  3 ,009 . — The  lift ,  air  force  ratio .       If  for  each  1  lb .  of  resistance  (air  force)  overcome  by  the 
forward  thrust  of  the  propeller  the  upward  pull  or  lift  be,  say  8  lbs.,  then  the  lift  air  force 


With  the  line  of  thrust  above  the  line  of  resistance  there  is  a  tendeni  _ 
for  the  machine  to  nose  down,  and  in  order  to  balance  this  the  center  o 
gravity  is  located  a  sufficient  distance  behind  the  center  of  Hft  to  give  ai 
equal  tendency  to  tip  the  nose  upward. 

The  position  of  the  center  of  gravity  affects  lateral  stabihty;  if  too  low,  i 
causes  the  machine  to  roll  sidewise;  if  too  high,  it  tends  to  upset  the  machin 
side  wise.  The  position  of  the  center  of  gravity  which  gives  maximun 
lateral  stability  is  over  a  little  below  the  center  of  air  force. 

Longitudinal  Stability. — The  angle  of  flight  of  an  aeroplane 
with  respect  to  the  horizontal  is  controlled  by  the  elevators.  Ii 
flight,  the  center  of  lift  changes  its  position  whenever  the  angle  o 
incidence  or  speed  is  changed. 


AEROPLANES 


1,571 


If  an  aeroplane  be  flying  at  an  angle  of,  say,  2°  so  that  the 
center  of  gravity  coincides  with  the  center  of  lift  for  this  angle, 
and  a  gust  of  wind  cause  the  angle  to  increase  3^  degree,  the 
center  of  lift  will  move  forward  and  tend  to  elevate  the  front 
edge  of  the  wing,  thus  further  increasing  the  angle.  The  center 
of  lift  will  then  move  further  forward  to   accommodate  th^ 


.-a-. 


'^'-^irv^^  .*^**V/^. 


Fig.  3,010. — The  dihedral  angle.  By  definition  a  dihedral  angle  is  thai  angle  made  by  the 
inter secticn  of  two  planes,  as  applied  to  the  aeroplane  it  means  the  difference  in  angle  of 
inclination  of  the  wing  and  the  stabilizer,  that  is  the  angle  formed  by  the  intersection  of  the 
wing  and  stabilizer  surfaces  projected  along  the  axes. 


increase  of  angle,  and  the  wing  would  rear  up  unless  it  were 
firmly  attached  to  the  aeroplane  body  and  held  in  its  proper 
position  by  the  tail.  vSimilarly  if  the  angle  be  decreased,  the 
tendency  would  be  to  depress  the  wing.  It  has  been  found 
that  by  giving  the  stabilizer  a  smaller  angle  of  incidence  than 
the  wings,  the  disturbing  force  just  described  is  opposed  by  a 
istrong  righting  force. 


L,572 


AEROPLANES 


WING    ANGLE   OF  INCIDLNGE 


STABILIZER  ANGLE    OP  INCIDENCE: 


TAIL 
RISES 


Pigs.  3,011  to  3,015. — Diagram  showing  righting  effect  of  stabilizer  and  why  stabilizer  angle  of  | 
incidence  must  be  less  than  wing  angle  of  incidence .  In  normal  flight  the  direction  of  motion  | 
LF»  and  direction  of  thrust  LA,  coincide,  as  in  fig,  3,011.     Now,  if  a  gust  of  wind  throw  the  I 
head  down,  as  in  fig  3,013,  then  the  direction  of  motion  will  not  coincide  with  the  direction  of  j 
thrust,  but  will  take   the  direction  of  the   resultant   L'F',  of   the   thrust  and   motion,  as  j 
found  by  the  parallelogram  fig.  3,012,  and  in  fig.  3,013  it  is  seen  that  the  stabilizer  angle  of 
incidence  M'S',  is  now  much  smaller  in  proportion  than  the  wing  angle  of  incidence  MS, 
hence  the  stabilizer  has  suffered  a  greater  loss  of  lift  than  the  wings,  and  the  tail  falls ^  thus 
automatically  bringing  the  machine  back  to  its  normal  position,  fig.  3,011.  Again  if  a  gust  of 
wind  cause  the  head  to  rise  to  position  L'^A'',  asin  fig.  3,015,  there  will  result  a  small  increase 
of  wing  angle  of  incidence  and  a  relatively  large  increase  of  stabilizer  angle  of  incidence ,  hence  I 
the  stabilizer  receives  a  greater  increase  of  lift  then  the  wings  and  the  tail  rises,  thus  auto-  j 
matically  bringing  the  machine  back  to  its  normal  position.     Evidently  the  stabilizer  must  I 
be  fixed  at  a  less  angle  of  incidence  than  that  of  the  wings,  otherwise  when  the  line  of  motion  j 
and  line  of  thrust  do  not  coincide,  the  two  incidences  would  be  altered  in  the  same  proportion  I 
and  the  righting  effect  would  not  be  obtained.     In  the  figures  the  wing  and  stabilizer  are  J 
shown  straight  instead  of  curved  for  clearness. 
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A  lack  of  longitudinal  stability  may  be  due  to 

1.  Wrong  stagger. 

2.  Warped  body. 

3.  Wrong  angle  of  incidence. 

If  there  be  not  enough  stagger,  the  lift  will  be  too  far  back,  tending  to 
make  the  machine  nose  heavy. 


Fig.  3,018. — Diagram  showing  deviation  of  aeroplane  to  correct  for  drift  caused  by  side  \^inds. 
The  angle  at  which  the  aeroplane  must  be  pomted  from  the  true  course  so  that  the  resulting 
motion  will  be  toward  the  objective  point  is  obtained  by  the  use  of  a  drift  set  such  as  is 
shown  in  fig.  3,973. 

A  warped  body  may  change  the  angle  of  incidence,  and  if  the  angle  of 
incidence  be  too  great,  the  machine  will  be  nose  heavy;  if  too  little,  it  will  be 
tail  heavy. 


Effect  of  Altitude. — Air  is  heavier  near  the  ground  than 
higher  up,  because  the  lower  layers  have  to  support  the  weight 
of  the  upper  layers,  hence  the  lower  layers  are  compressed 
into  smaller  space.  The  heavier  each  particle  of  air,  the  greater 
is  the  inertia  when  the  wing  drives  the  particles  downward, 
hence  the  greater  the  lift.  Accordingly  the  nearer  the  aeroplane 
is  to  sea  level,  the  greater  is  its  lifting  force. 
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As  the  machine 
dimbs  to  high  alti- 
tudes, the  density 
decreases  and  the 
speed  increases,  but 
due  to  the  Hghter 
air  the  engine  takes 
in  less  charge  of  fuel 
mixture,  hence  the 
power  is  reduced ,  so , 
taking  this  into 
account ,  the  speed  is 
not  so  great  in  high 
altitudes  as  in  low. 
It  follows  that  aero- 
planes to  be  used  for 
flying  in  high  alti- 
tudes must  have 
greater  wing  area 
than  those  for  low 
altitudes. 

How  to 
Fly 

Preliminary 
Inspection. — The_ 
importance  of  in- 
specting every  part 
of  the  machine  be- 
fore flight  cannot 
be  overestimated, 
because  of  the  very 
Hght  construction 
the  safety  of  the 
operator  depends 
on  the  perfect  con- 
dition of  the  nu- 
merous   delicate 
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members  which  are  subject  to  severe 
stresses.  This  includes  attention  to  engine 
carburetter,  ignition  system,  and  main- 
taining a  supply  of  gasoline,  oil,  and 
water. 


Starting. — The  machine  should  be 
turned  around  so  that  it  faces  the  wind, 
for  evidently  the  speed  relation  to  the 
ground  necessary  to  cause  the  machine  to 
rise,  is  not  so  great  as  if  started  with 
the  wind.  This  is  because  the  lifting  force 
depends  on  the  speed  of  the  machine  with 
respect  to  the  air,  instead  of  with  respect 
to  the  ground. 

In  starting  there  shotild  be  one  assistant  to 
crank  the  engine  and  others  to  hold  back  the  ma- 
chine until  ready  to  let  go. 

In  order  to  get  off  the  ground  considerable 
power  is  required,  so  that  when  the  assistants 
have  let  go,  the  throttle  should  be  opened. 

To  reduce-  the  resistance,  move  control  stick 
forward  so  that  the  elevator  will  raise  tail  skid 
off  the  ground  and  allow  the  machine  to  roll 
on  its  wheels  only.  When  sufficient  speed  has 
been  gained  a  slight  pull  back  on  the  control 
stick  will  cause  the  machine  to  leave  the  ground. 

Care  should  be  taken  not  to  cause  the  machine 
to  climb  much  until  the  proper  speed  has  been 
obtained,  otherwise  there  is  danger  of  stalling. 


Stall  and  Recovery. — For  every  speed 
there  is  a  maximum  climbing  angle,  beyond 
which  the  machine  becomes  unstable  due  to 
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Gliding. — This  is  practically  the  same  thing  as  * 'coasting"' 
down  hill  in  an  automobile.  The  angle  of  incidence  remains, 
the  same  but  the  machine  is  pointed  slightly  downward  so  that- 
gravity  will  supply  the  power  instead  of  the  engine. 


BEST  ANGLE  OF  INCIOEINCE  &'^£° 


Fig.  3,028, — Gliding,  or  flying  in  a  slightly  down- 
ward direction,  gravity  instead  of  the  engine 
furnishing  the  required  power. 


Figs.  3.029  to  3.032.— Flying  upside  down.  Starting  at  A,  the  operator  points  the  machine 
downward  to  gam  speed  and  then  executes  part  of  a  wide  loop  to  reach  the  upside  down 
position  C.  Here  the  engine  may  or  may  not  be  throttled  down.  If  not  throttled,  then 
the  elevation  must  be  operated  to  secure  a  course  approximately  in  the  direction  L.  If  the 
engine  be  throttled,  then  a  more  inclined  course  F,  must  be  taken. 
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UFT  (NCREASE 

DUE  to 

SPEED  INCREASE 


Diving. — If  the  control 
be  moved  forward,  the  tail 
will  rise,  the  machine  in- 
clining   more    and   more 
toward    the     earth,    the 
speed  increasing  with  the 
angle .    When  the  machine 
is  thus  inclined,  it  dives 
with  enormous  speed.     If 
pointed  directly  to- 
ward the  earth,  the  ma- 
chine will  not  descend  in 
a  vertical   line,    but   be- 
cause of  the   greatly   in- 
creased   lift    due    to   the 
enormous  speed  thus  ob- 
tained   the    aeroplane    is 
deflected  horizontally    or 
across,   canting  as  it   de- 
scends,  as  shown  in  figs. 
3,033  to  3,036. 

In  coming  out  of  a  dive 
great  care  should  be  taken 
not  to  do  this  too 
suddenly,  because  the 
speed  being  very  high  the 
machine  is  liable  to  be 
strained  to  the  breaking 
point. 

LATERAL  MOVEMENT  DUE  TO  LIFT 
Figs.  3,033  to  3,036.     The  dive,  showing  lateral  motion  of  the  machine  due  to  increase  of  lift. 
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Climbing. — By  slightly  pulling  back  the  control  stick  and- 
holding  it  in  a  fixed  position  the  machine  will  point  upward  and 
climb . 

In  some  machines  when  flying  horizontally  if  the  speed  of  the 
engine  be  simply  increased  to  maximum,  the  machine  will  rise 
because  of  the  increased  power.  The  best  angle  for  climbing  is 
usually  about  half  the  stalling  angle. 

Turning. — In  order  to  turn,  the  rudder  is  moved  in  the 
proper  direction,  and  the  outer  wing  simultaneously  tipped  up 


STALLING  ANGLE. 


best  climbing 
angle: 


Fig.  3,037. — Best  angle  for  climbing. 


by  the  lateral  contact  in  order  to  overcome  the  centrifugal  force 
due  to  the  turn.  This  tipping  up  of  the  outer  wing  or  inclining 
the  machine  laterally  is  known  as  banking. 

In  calm  weather  a  wide  turn  may  be  made  without  any  ap- 
preciable degree  of  banking. 

The  proper  bank  for  any  particular  turn  is  that  bank  which 
keeps  the  machine  at  the  same  angle  of  incidence  relative  to 
the  air  without  rising  or  falling. 
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When  a  turn  is  properly  made  the  operator 
does  not  feel  any  change  in  wind  pressure  or 
tendency  of  the  body  to  swing  sideways  but 
only  a  slight  increased  pressure  in  the  seat. 

If  the  machine  be  not  properly  banked  in 
making  a  turn  it  will  skid  outward,  which  is. 
noticeable  by  the  side  wind  thus  created. 

Operators  sometimes  skid  considerably  in 
turning  in  order  to  quickly  reduce  the  speed 
of  the  machine  just  before  landing. 


Fig.  3,038.  —  Turning,  showing 
machine  banked  to  prevent 
skidding  or  side  slip. 


Excessive  skidding  is  liable 
to  result  in  a  bad  stall.  If 
too  much  bank  be  given  in 
turning  the  machine  will  slip 
downward,  sideways  or  side 
slip.  This  sometimes  results 
in  a  nose  dive. 


When  skidding  is  apt  to 
result  in  a  stall,  it  may  be 
overcome  by  moving  rudder 
back  toward  neutral  or  by 
increasing  the  bank. 


Figs.  3,039  to  3,044. — Simultaneous  climbing  and  turning 


If  there  be  danger  of  a  nose  dive  by  side  slipping,  this  is  first  over. 

In  climbing  while  making  a  turn  care  should  be  taken  to  sufficiently 
bank  the  machine  and  not  to  give  too  much  rudder,  otherwise  there  is 
danger  of  a  stall. 
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If  the  machine  stall  under  these  conditions  the  rudder  should  be  put 
over  to  the  opposite  side  and  the  bank  also  changed  tc^  opposite  side. 


Looping. — This  is  done  with  the  operator  on  the  inside  of  the 
[oop,  otherwise  there  would  be  danger  of  throwing  the  operator 
out  of  the  machine  because  of  the  centrifugal  force  -created. 


Figs.  3,045  to  3,054. — Looping  the  loop.  The  loop  is  made  by  diving  first  inside  circle  method 
so  that  the  centrifugal  force  will  tend  to  press  the  operator  against  his  seat  instead  of  throwing 
him  out  of  the  machine. 


To  loop  the  loop:  1,  make  a  semi-dive  to  develop  the  required 
speed;  2,  pull  elevator  all  the  way  back  with  engine  going  full 
speed,  which  quickly  points  the  machine  upward;  3,  when  the 
machine  reaches  the  top  of  the  loop,  throttle  engine,  allowing 
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momentum  to  carry  the  machine  over;  4,  as  the  machine  speeds 
up  in  completing'the  loop,  the  control  stick  should  be  eased  back 
toward  neutral  so  that  the  machine  will  not  straighten  out  to 
normal  flying  angle  too  quickly  and  bring  undue  stresses  on  the 


Figs.  3,055  to  3,058. — Nose  spin  dive,  so  called  because  the  axis  of  rotation  is  through  the  nose 
of  the  machine. 

Figs.  3,059  to  3,062. — Spiral  or  cork  screw  dive. 


wings.  As  the  machine  begins  the  descent  to  complete  the 
loop  it  should  be  prevented  going  over  sideways  by  means  of  the 
rudder. 
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The  important  thing  in  landing  is  that  the 
speed  be  reduced  as  much  as  possible  without 
putting  the  machine  in  a  climbing  angle, 
therefore  in  landing  the  ma- 
chine should  be  facing  the 
wind. 

When  within  say  14  or  20 
feet  of  the  ground  the  machine 
should  be  straightened  out  to 
horizontal  flying  position  and 
allowed  to  gradually  sink  to 
the  ground,  being  careful  to 
keep  the  wings  from  tilting 
sideways  by  means  of  the 
horizontal  control. 

In  rolling  after  the  wheels 
touch  the  ground,  keep  the 
tail  as  close  to  the  ground  as 
possible  without  causing 
bumping  so  as  to  slow  up  the 
machine  as  quickly  as  possible. 

One  bad  form  of  landing  is 
called  the  pancake,  which  re- 
sults from  reducing  the  speed 
too  much  by  pointing  the 
machine  upward  to  climbing 
position.  This  causes  a  stall 
and  the  machine  drops  to  the 
ground  tail  first. 


Aeroplane 
Engines 


The  rapid  development  of  the 
aero-  and  sea-plane  is  gradually 
increasing,  and  the  demand  for 
larger  machines,  capable  of  long 
flights,  with  greater  load  carrying 
capacity,     more     powerful     and 


Fig.  3,069. — Front  end  sectional  view  of  Hall-Scott  100  horse  power  four  cylinder  vertical 
engine.  R.p.m.  at  which  horse  power  is  rated,  1,400;  recommended  r.p.m.,  1,300;  minimum 
gasoline  consumption  at  1,300  r.p.m.,  10  gallons;  oil  per  hour,  H  gallon;  maximum  radiating 
surface  for  front  type  radiator,  400  sq.  ins. 


1 ,586  AEROPLANES 


highly  efficient  engines,  are  imperative  to  drive  the  heavier  and 
speedier  machines. 

Since  the  engines  must  be  as  light  as  possible,  the  workmanship 
and  materials  entering  into  their  construction  are  of  the  highest 
order. 

The  question  of  balance  of  reciprocating  parts  receives  un- 
usual attention,  because  only  by  accurate  balance,  both  static 
and  running,  can  the  engine  operate  without  undue  vibration 
and  endure  the  severe  stresses  which  flying  service  imposes. 

Classification. — The  numerous  types  of  aeroplane  call  for 
various  engines  differing  in  size,  number  and  placement  of 
cylinders,  methods  of  cooling,  and  other  mechanical  details. 
These  may  be  classified  from  several  points  of  view. 

1.  With  respect  to  the  number  of  cylinders,  as 

a.  Four  cylinder. 

b.  Six  cylinder. 

2.  With  respect  to  the  placement  of  the  cylinders,  as 

a.  Vertical. 

b.  Inclined  (V  type). 

c.  Radial. 

3.  With  respect  to  non-mobile  or  mobile  cylinders,  as 

a.  Stationary. 

b.  Rotating. 

4.  With  respect  to  the  number  of  valves,  as 

a.  Single. 

b.  Double. 

5.  With  respect  to  the  placement  of  the  valves,  as 

a.  Valves  in  head. 

b.  One  valve  in  head,  other  in  pocket. 


NOTE. — In  the  treatment  of  aeroplane  engines,  the  author  assumes  that  the  reader  has  a 
general  knowleclgu  of  gas  engine  principles  and  operation,  because  otherwise  there  would  be  a 
useless  repetition  of  matter  that  has  already  been  presented  in  the  chapter  on  gas  engines. 
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c.  Valves  on  same  side,  side  b,y  side  (L  head). 

d.  Valves  on  same  side,  one  over  the  other. 

e.  Valves  on  opposite  sides  (T  head) . 

6.  With  respect  to  the  method  of  cooling,  as 

a.  Water  cooled. 

b.  Air  cooled. 

c.  Semi-air  cooled. 


Number   of   Cylinders. — The  multiplicity   of   gas   engine 
cylinders  is  due  to  a  desire,  1,  to  secure  a  nearer  uniform  tiuning 


Figs.  3,070  and  3,071. — ^Transverse  elevations  of  Liberty  12  engine.    Fig,  3,070, 
elevation,  fig.  3,071,  rear  elevation. 


front 


torque,  and  2,  to  reduce  the  vibration.  For  aeroplanes  of  small 
and  moderate  power  6  and  8  cylinder  engines  are  standard,  and 
for  high  power,  12  or  more  cylinders  are  used,  as  it  must  be 
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Pig.  3,072c. — Plan  of  revised  intake  header  arrangement  on  Liberty  engine,  and  the  way 
it  is  necessary  to  bend  the  water  outlet  pipe  to  permit  the  installation  of  the  new  intake 
pipe  B.  The  intake  header  A,  is  provided  with  nipples  G,  at  each  end  so  that  overflow 
pipes  may  be  attached  and  carried  outside  the  fuselage.  It  is  obvious  that  this  provided 
for  the  complete  draining  away  of  all  stray  gasoline,  whether  the  plane  is  climbing,  diving 
or  flying  level. 


Fig.  3,072rf. — Longitudinal  elevation  showing  revised  carburetter  arrangement  in  Liberty  en- 
gine. To  provide  for  a  screen,  a  small  aluminum  casting  1,  was  used,  and  arranged  so  that 
it  would  screw  on  the  old  carburetter.  This  casting  was  provi-^ed  with  a  nipple  to  receive 
the  gasoline  hose  connection,  and  the  screen  was  easily  removable  by  taking  off  the  nut  J. 
To  prevent  the  possibility  of  fire,  the  individual  air  intakes  were  removed  from  the  car- 
buretter, as  well  as  their  retaining  springs,  and  a  single  long  intake  A,  was  provided  and 
held  on  by  spring  bails  C.  This  intake  was  machined  at  its  center  to  receive  a  large  single 
intake  pipe  B,  extending  up  through  the  center  of  the  engine  and  out  through  the  bonnet. 
Thetop  end  of  this  pipe  was  cut  off  at  an  angle  of  25  deg.  A  dowel  D,  engaged  a  slot  in 
the  intake  pipe  B,  and  prevented  it  turning.  A  clamp  band  E  and  El,  was  arranged  to 
anchor  the  intake  pipe  B,  to  suitable  cap  screws  already  existing  in  the  intake  headers, 
shown  in  fig .  3 ,072/. 


NOTE. — "The  Liberty  engine  revised  altitude  control  was  worked  out  first  and  went  into 
production  m  the  early  summer  of  1918,  and  it  is  my  understanding  that  all  engines  were 
equipped  with  this  improved  altitude  control  before  being  used  at  the  front.  Vague  rumors  to 
the  effect  that  the  Liberty  engine  has  excessive  gasoline  consumption  have  been  pretty  generally 
circulated,  and  this,  of  course,  if  true,  would  be  serious.  It  is  obvious  that  all  other  things  being 
equal,  the  gasoline  consumption  of  the  engine  will  be  in  proportion  to  the  horse  power  developed. 
All  well-known  air  craft  engines  at  the  present  time  have  about  the  same  gasoline  consumption 
per  horse  power  hour.  This  runs  from  .48  to  .56  lb.  per  b.hp.-hr.,  depending  on  conditions. 
In  this  respect  the  Liberty  engine  is  no  better,  and  no  worse,  than  other  well-known  designs. 
Running  wide  open  near  sea  level,  the  Liberty  engine  will  develop  400  to  420  hp.  and  granting 
that  it  develops  the  average,  that  is,  410  hp.,  and  that  the  average  service  conditions  maintain, 
it  will  probably  have  a  gasoline  consumption  of  .52  lb.  per  b.hp.-hr." — Vincent. 
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evident  that  in  order  to  keep  down  the  cylinder  dimensions  to 
proper  Hnaits  so  as  to  avoid  destructive  vibration,  the  number 
of  cyUnders  must  be  increased  with  increase  of  power  required. 

Vertical  Cylinder  Engines. — In  this  type  of  engine  all  the 
cylinders  are  placed  in  line,  one  back  of  the  other,  and  it  ac- 
cordingly offers  the  least  resistance  to  the  wind.  The  long 
crank  case,  while  not  so  light  as  some  types,  permit  bearings  of 
liberal  length,  thus  insuring  cool  running  and  durability.  The 
valve  gear  and  other  parts  are  easily  accessible. 

V  Engines. — This  engine  lends  itself  conveniently  to  water 
cooling  and  although  the  balance  of  the  prevailing  eight  cylinder 
design  is  not  so  good  as  that  of  the  multi-cylinder  radial  engine, 
yet  the  V  engine  is  short  and  compact,  offering  little  head  re- 
sistance and  view  obstruction,  and  appears  likely  to  be  much 
used  in  the  future  of  air  service. 

Vertical  and  V  Engines  Compared. — ^For  equal  cylinder 
dimensions  and  number  of  cylinders,  V  engines  are  lighter  than 
the  vertical,  but  in  actual  practice,  for  equal  power  output, 
the  V  type  has  a  greater  number  of  cylinders,  in  order  to  secure 
nearer  uniform  torque  by  increasing  the  number  of  impulses. 

Since  reducing  the  size  of  cylinder  increases  weight  per  horse  power  this 
is  offset  by  running  the  engine  at  higher  speed  than  the  vertical  type. 
However  a  strong  reduction  gearing  for  the  propeller  drive  is  required,  and 
since  there  is  loss  of  power  in  this  gearing  there  is  not  much  saving  in  weight 
per  horse  power  of  the  V  over  the  vertical  engine. 

Radial  Engines. — The  fear,  on  the  part  of  the  designers,  of 
the  evils  resulting  from  excessive  cylinder  lubrication  resulted 
n  the  early  radial  engines  exhibiting  a  fan  like  arrangement  of 
:he  cylinders  as  in  fig.  3,037,  the- arcs  of  all  being  inclined  up- 
Arard  from  the  crank  shaft. 
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The  fan  type  has  not  survived,  increased  experience  having  shown  that 
with  carefully  designed  forced  lubrication  the  cylinders  may  be  symmetri- 
cally disposed  around  the  crank  shaft  without  fear  of  those  below  the 
horizontal  becoming  flooded. 

An  advantage  of  the  radial  engine  with  cylinders  placed  all  around  the 
crank  case  is  the  considerable  reduction  in  weight  and  simplicity  of  the 
crank  case,  there  being  no  intermediate  bearings  and  webs. 

The  impulses,  however,  do  not  occur  at  equal  intervals  as  with  the 
more  usual  types,  except  in  the  case  of  a  five  cylinder  engine.  In  con- 
struction the  crank  case  is  stationary  and  the  crank  shaft  revolves,  as 
distinguished  from  the  so  called  rotary  type  in  which  the  opposite  condi- 
tions obtain. 


Fig.  3,073. — Six  cylinder  air  cooled  radial  engine.     It  has  fixed  cylinders  arranged  radially 
about  a  rotating  crank  shaft.     It  is  the  type  built  by  Anzani. 


The  valves  are  placed  in  the  cylinder  head.  The  large  surface  offers 
too  much  resistance  to  the  wind,  and  as  a  rule  the  engine  has  to  be  placed 
in  front  of  the  operator.  ^ 

i 

Rotating  or  So  Called  Rotary  Engines. — In  general; 
rotating  engines  resemble  in  external  appearance  the  radial  type, 
but,  whereas  in  radial  engines,  the  cylinders  are  stationary  and 
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the  crank  shaft  rotates,  in  rotating  engines  the  crank  shaft  is 
fixed  and  the  cyUnder,  crank  case,  and  attachments  rotate 
around  the  crank  shaft  axis. 

While  the  rotary  engine  has  the  advantage  of  Hghtness,  and  the  steadying 
influence  of  its  large  rotational  inertia,  it  has  certain  drawbacks:  it  must 
necessarily  be  air  cooled  and  for  long  flights  water  cooling  is  preferable. 

Again  the  resistance  of  the  air  to  the  rapid  rotation  of  the  cylinders 
absorbs  fully  10%  of  the  power  developed  while  it  is  difficult  to  provide 
for  the  uniform  cooling  of  the  cylinders  and  so  avoid  distortion,  the  leading 
surfaces  tending  to  keep  cooler  than  the  following  surfaces. 

It  has  proved  difficult  to  arrange  satisfactorily  for  the  supply  of  the  car- 
burretted  mixture  to  the  several  cylinders,  and  there  is  no  satisfactory  way 
to  muffle  the  exhaust. 

Rotating  engines  have  an  odd  number  of  cylinders  in  order  to  secure 
evenly  spaced  explosions. 

The  consumption  of  lubricating  oil  is  excessive  because  of  centrifugal 
force. 

The  Gnome  Rotating  Engine. — This  engine  is  erroneously 
icalled  a  ''one  valve"  engine,  because  there  is  only  one  valve  of 
the  ordinary  type  in  each  cylinder — the  exhaust  valve,  which  is 
located  in  the  top  of  the  cylinder  head. 

The  other  valve  for  inlet  is  formed  by  the  piston  which  as  it 
nears  the  end  of  the  outward  (away  from  the  head)  stroke  un- 
covers a  ring  of  small  holes  drilled  through  the  cylinder  and  com- 
municating with  the  crank  case,  the  idea  being  similar  to  that 
employed  in  the  unifiow  type  steam  engine,  differing  in  that 
the  ports  uncovered  are  inlet  instead  of  exhaust  parts.  This 
combination  of  piston  and  circumferential  ports  is  virtually  a 
valve  and  it  is  therefore  ridiculous  to  speak  of  the  engine  as  a 
one-valve  engine. 

In  operation  a  very  rich  fuel  mixture  is  forced  into  the  crank 
case  through  a  jet  inside  the  crank  shaft,  and  enters  the  cylinder 
when  the  piston  is  at  the  end  of  its  outward  stroke;  that  is, 
when  the  inlet  parts  are  uncovered. 
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On  the  return  stroke  these  parts  are  covered  and  the  charge  is 
compressed  and  ignited  in  the  usual  way,  exhaust  taking  place 
through  the  large  valve  in  the  head.  The  exhaust  valve  re- 
mains open  a  portion  of  the  intake  stroke  to  admit  air  into  the 
cylinder  and  dilute  the  rich  gas  forced  in  from  the  crank  case. 

The  fuel  supply,  ignition  and  oiling  of  the  Gnome  engine  has 
been  described  in  ''The  Automobile"  as  follows: 


IG.  3.075. — ^Timing  diagram  of  Gnome  engine.     To  time  enaine   it  qhnnlrl  hp  innii«+A/l  #%•» 
th^tw^Si'jrrlduc^^^^^^^^  ^'^  *^«  "^^  covt'^i^its^n ro^^^^ 

rod  CUP  Sfor    5^r#n.PtPi.  H^'^^  ^^^""k  .  ^""^^  ^^^"^  anti-clockwise  and  adjust  valve 
froK.f    f       u      V   J   "^ilhtneter  clearance  between  exhaust  valve  levers  roller  and  exhaii<?f 

f^T^.T^^'"''^  ^1  '^^  °Pf?*°^'  ''"^'^^^  this  pressure  and  a  vZe 
enables  the  operator  to  control  it.     No  carburetter  is  used. 

The  gasoline  flows  from  the  tank  through  a  shut  off  valve  near  the 

™^ozde^o™^"?^  %I^^^  '^'^'"^  ^'^^^'^Sh  '"^^  hollow  crnnk  shaft  to  I 
spray  nozzle  locatea  m  the  crank  case. 
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There  is  no  throttle  valve.  ^^^^^^^J^^^^tH  fa^r^routTui  ' 

tz^^^^i^^'^y'r^^^^^^^'--^'  -^^^"^ "™  TT-' 

The  high  tension  magnetos,  with  f  t^rran^rer'tSlo^^^^^^^^^^ 
interrupter,  is  located  °"  ^^^  tXl\Sne tparks  ^ or  every  two  revolutions; 

is  no  distributer  on  the  magneto. 


CRANK  PIN 


I 


F.O.  3.076.-End  view  of  Gnome  engine  with  crank  case  open  showing  assen.b,y  of  piston, 
and  connecting  rods. 

wires  connect  to  the  spark  plugs. 
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The  distributor  revolves  at  engine  speed,  instead  of  at  half  engine  speed 
as  on  ordinary  engines,  and  the  distributor  brush  is  brought  into  electrical 
connection  with  each  spark  plug  every  time  the  piston  in  the  cylinder  in 
which  this  spark  plug  is  located  approaches  the  outer  dead  center.  How- 
ever, on  the  exhaust  stroke  no  spark  is  being  generated  in  the  magneto^ 
hence  none  is  produced  at  the  spark  plug. 

Ordinarily,  the  engine  is  started  by  turning  on  the  propeller,  but  for 
emergency  purposes  as  in  sea  planes  or  for  a  quick  "get  away"  if  landing 
inadvertently  in  enemy  territory,  a  hand  starting  crank  is  provided.  This 
is  supported  in  bearings  secured  to  the  prCvSsed  steel  carriers  of  the  engine 
and  is  provided  with  a  universal  joint  between  the  two  supports  so  as  to 
prevent  binding  of  the  crank  in  the  bearings  due  to  possible  distortion  of 
the  supports. 

The  gear  on  this  starting  crank  and  the  one  on  the  thrust  plate  with 
which  it  meshes  are  cut  with  helical  teeth  of  such  hand  that  the  starting 
pinion  is  thrown  out  of  mesh  as  soon  as  the  engine  picks  up  its  cycle.  A 
coiled  spring  surrounds  part  of  the  shaft  of  the  starting  crank  and  holds  it 
out  of  gear  when  not  in  use. 

Lubricating  oil  is  carried  in  a  tank  of  25  gallon  capacity,  and  if  this  tank 
has  to  be  placed  in  a  low  position  it  is  connected  with  the  air  pressure  line,' 
so  that  the  suction  of  the  oil  pump  is  not  depended  upon  to  get  the  oil  to 
the  pump. 

From  the  bottom  of  the  oil  tank  a  pipe  leads  to  the  pump  inlet.  There 
are  two  outlets  from  the  pump,  each  entering  the  hollow  crank  shaft,  and 
there  is  a  branch  from  each  outlet  pipe  to  a  circulation  indicator  con- 
venient to  the  operator. 

One  of  the  oil  leads  feeds  to  the  housing  in  the  thrust  plate  containing 
the  two  rear  ball  bearings,  and  the  other  lead  feeds  through  the  crank  pin 
to  the  cams,  as  already  explained. 

Owing  to  the  effect  of  centrifugal  force  and  the  fact  that  the  oil  is  not 
used  over  again,  the  oil  consumption  of  a  revolving  cylinder  engine  is 
considerably  higher  than  that  of  a  stationary  cylinder  engine.  Fuel 
consumption  is  also  somewhat  higher,  and  for  this  reason  the  revolving 
cyHnder  engine  is  not  so  well  suited  for  types  of  aeroplanes  designed  for  long, 
trips,  as  the  increased  weight  of  supplies  required  for  such  trip's,  as  com- 
pared with  stationary  cylinder  type  engines,  more  than  offsets  the  high 
weight  efficiency  of  the  engine  itself,  but  for  short  trips,  and  especially 
where  high  speed  is  required,  as  in  single  seated  scout  and  battle  planes, 
the  revolving  cylinder  engine  has  the  advantage. 

The  oil  consumption  of  the  Gnome  engine  is  as  high  as  2.4  gallons  per 
hour.  Castor  oil  is  used  for  lubrication  because  it  is  not  cut  by  the  gaso- 
line mist  present  in  the  engine  interior  as  an  oil  of  mineral  derivation 
would  be. 
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Cooling  Methods. — There  are  two  methods  of  cooling  aero- 
plane engine  cylinders,  being  similar  to  those  employed  in 
automobile  practice. 

1.  Air  cooling. 

2.  Water  cooling. 

In  the  most  approved  air  cooling  system  provisions  are  made  to  direct 
the  air  to  the  cooling  surfaces  of  each  cylinder  so  that  each  receives  an 
equal  cooling  effect.  This  is  done  by  placing  around  each  cylinder  a  jacket 
of  thin  sheet  metal  connected  at  each  end  with  an  air  tight  manifold. 

In  operation  air  is  discharged  into  one  of  these  manifolds,  from  whence 

NO  PIPE  IM  THIS' 
INSTALLATION  SHOULD 
HAVE.  AN  INSIDE  DIA 
OF  LESS  THAN   \'^ 


Fig.  3,077. — Hall-Scott  side  radiator  installation  for  100  horse  power  engine. 


it  passes  around  the  radiating  fins  of  each  cylinder,  being  guided  by  the 
sheet  metal  jackets,  and  is  discharged  through  the  other  manifold. 

It  is  stated  that  the  air  system  is  more  economical  than  water  cooling 
because  of  the  higher  temperature  maintained.  However,  the  water 
system  is  conceded  more  reliable  and  is  the  one  generally  used.  In  this 
system  a  circulation  of  water  is  maintained  between  the  cylinder  jackets 
and  the  radiator  by  a  rotary  pump,  or  equivalent,  the  construction  being 
similar  to  that  used  in  automobile  practice. 
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Carburetter  Requirements. — Atmospheric  conditions  have 
much  to  do  with  carburetter  operation,  and  especially  in  aero« 
plane  service  are  these  conditions  varied  to  a  marked  degree. 

Anyone  familiar  with  gas  engine  operation  has  noticed  the 
difference  in  power  developed  on  a  cold  and  on  a  hot  day.  This 
is  due  to  the  fact  that  the  volume  of  air  varies  with  its  tempera- 
ture, hence,  when  it  is  cold,  it  occupies  a  relatively  small  volume, 
and  the  engine  takes  in  a  larger  "charge"  than  when  the  air  is 
hot,  hence  greater  power  is  developed. 

M5"P»PE^lNTHI5  INSTALLATION 
SHOULD  HAVE  AN  INSIDE  DlA. 
•OF  LESS  THAN  \%" 


Fig.  3,078. — Hall-Scott  overhead  radiator  installation  for  100  horse  power  engine. 


Under  these  conditions  the  mixture  will  become  too  rich  unless  the  car- 
buretter be  provided  with  adjustments  to  maintain  the  mixture  in  the 
correct  proportions.  This  may  be  done  by  providing  minute  adjustment 
of  the  gasoline  by  hand  control,  or  else  a  hand  control  supplementary  air 
valve  located  between  the  engine  and  carburetter.  Both  of  these  adjust- 
ments should  be  provided. 

The  volume  or  density  of  air  also  varies  with  the  altitude, 
becoming  lighter  as  the  altitude  increases.  Accordingly,  an 
aeroplane  in  ascending  from  sea  level  to  a  high  altitude,  takes  in 
charges  of  air  decreasing  in  weight. 
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The  effect  of  the  supplementary  valve  is  to  reduce  the  suction  of  the 
primary  and  secondary  air  supply  so  that  there  is  less  pressure  reduction 
when  the  engine  draws  in  the  air,  hence  an  increased  amount  of  air  will  be 
taken  in  during  each  suction  stroke. 

Both  of  the  adjustments  should  be  provided  on  every  aeroplane  w4th 
hand  control  for  the  instrument  board  within  easy  reach  of  the  operator. 

The  supplementary  air  valve  should  be  provided,  not  only  for  altitude 
correction,  but  for  economy,  so  that  the  operator  can  control  the  richness 
of  the  mixture,  and  be  sure  that  the  engine  is  running  on  the  leanest  mixture 
possible. 


AIR  PUMP 


PRESSURE  RELIEF 
V/ALVE- ADJUST 
TO  OPEN  AT  4  LBS. 

PER  5a.  in; 


u 


Fig.  3,079. — Hall-Scott  fuel  supply  with  depressed  tank  installation  as  used  with  100  horse 
power  engine. 

Since  an  aeroplane  is  usually  in  an  inclined  position  carburetters  with 
offset  float  chambers  skould  not  be  used  because,  due  to  such  inclination 
the  float  level  with  respect  to  the  nozzle  is  disturbed  and  may  be  higher, 
which  would  cause  gasoline  to  leak  out  of  the  carburetter  while  standing 
with  resulting  danger  of  fire. 

To  guard  against  such  danger,  not  only  should  a  concentric  float  chamber 
be  used,  but  provision  should  be  made  so  that  any  gasoline  finding  its  way 
into  the  primary  air  passage  will  drain  overboard  and  not  saturate  the 
magneto  or  woodwork  of  the  machine. 


Fuel  Supply. — There  are  two  methods  by  which  the  fuel  is 
brought  from  the  tank  to  the  carburetter,  as  by 
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1.  Gravity,  or 

2.  Pressure. 

When  using  the  gravity  system  there  should  be  a  drop  of  not 
less  than  two  feet  from  the  lowest  part  of  the  tank  to  the  upper 
part  of  the  carburetter  float  chamber. 

Even  this  height  might  not  be  sufficient  to  maintain  the  proper  volume 
of  gasoHne  to  the  carburetter  at  high  speeds,  or  when  cHmbing  at  a  con- 
siderable angle. 

A  combination  of  gravity  and  pressure  should  be  employed  to  insure  an 
adequate  supply  of  fuel  under  all  conditions. 

When  using  gravity  feed  without  air  pressure  care  should  be  taken  to 
vent  the  tank. 

When  the  engine  runs  satisfactorily  on  low  speeds  and  cuts  out  on  high 
speed,  the  indication  is  that  the  tank  is  of  insufficient  height  above  the 
carburetter. 

If  a  pressure  system  be  used  with  tank  located  below  the 
level  of  the  carburetter,  a  hand  pump  must  be  provided  to 
generate  sufficient  pressure  before  the  engine  is  started. 

When  the  engine  is  running,  the  pressure  is  maintained  preferably  by  a 
pump  driven  by  the  engine. 

When  an  engine  driven  air  pump  is  used  there  must  be  an  air  relief  valve 
on  the  tank,  or  preferably  the  pump  should  be  designed  with  adjustable 
clearance  so  that  the  pressure  can  be  controlled  by  adjusting  the  clearance » 

Ignition. — High  tension  ignition  is  the  kind  universally  used 
for  aeroplane  engines,  a  magneto  being  generally  used  in  pref- 
erence to  a  battery. 

Since  the  engine  causes  practically  all  the  hum  at  high  speed 
and  heavy  load,  the  ignition  apparatus  must  work  under  severe 
conditions.  An  extra  high  pressure  is  required  to  produce  a 
spark  because  of  the  high  compression  due  to  wide  throttle 
opening.  Moreover,  special  provision  must  be  made  to  prevent 
the  plugs  becoming  unduly  heated  owing  to  the  very  high  speed. 
It  is  of  vital  importance  that  the  ignition  system  be  maintained 
in  perfect  order,  because  the  safety  of  the  machine  and  occupant 
depends  upon  its  proper  working. 
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To  guard  against  failure,  the  best  practice  is  to  provide  two 
independent  systems. 

An  example  of  a  double  ignition  system  is  that  fitted  on  the 
Sturtevant  eight  cylinder  V  engine. 

It  consists  of  two  water  proof  magnetos  placed  face  to  face  betw^een  the 
two  groups  of  cylinders.  Each  cylinder  is  provided  with  double  ignition 
by  means  of  two  spark  plugs  located  in  water  cooled  bosses  on  the  sides  of 
the  cylinder  heads.  The  magnetos  are  synchronized  by  a  vernier  coupling 
permitting  accurate  adjustment.  It  is  claimed  that  operating  both  mag- 
netos tends  to  increase  the  power  at  high  speed  by  igniting  the  charge  at 
two  points  and  thus  accelerating  ignition. 


DISTRIBUTOR 


EXHAUST    SIDE 


INTAKE    SIDE 


Fig.  3,080. — Wiring  diagram  for  Dixie  magneto  ignition  system  as  used  on  Hall-Scott  four 
cylinder  engine. 


Because  of  the  severe  igniting  conditions,  spark  plugs  are 
particularly  liable  to  fail,  and  in  this  connection  it  may  be  well 
to  caution  the  operator  not  to  let  the  spark  gap  get  too  large, 
maintaining  the  proper  gap  by  frequent  adjustment  of  the 
spark  points. 

It  should  be  remembered  that  the  pressure  necessary  to  force  a  spark 
across  the  gap  increases  with  the  length  of  the  gap  and  the  compression. 

Because  of  the  heavy  compression,  an  unusually  high  voltage  is  required 
for  thp!  reason  above,  and  if  in  addition  the  p^an  be  too  lare^e.  the  oressure 
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necessary  to  produce  a  spark  may  be  increased  to  such  an  extent  as  to 
damage  the  coil  insulation.^ 

There  are  no  good  spark  plugs — the  best  are  only  "fair,"  and  accordingly 
the  best  that  can  be  obtained  hardly  answ^  the  purpose. 

It  should  be  understood  that  there  is  no  reliable  method  of  testing  a 
spark  plug  without  nmning  the  engine  at  full  load  so  that  the  test  may  be 
made  with  maximum  compression. 

The  practice  of  testing  plugs  by  placing  a  screw  driver  in  contact  with 
the  plug  terminal  and  sparking  across  to  the  metal  of  the  engine  (the  engine 
idling)  is  no  test  at  all,  except  to  prove  that  the  plug  will  not  spark  under 
any  conditions.  This  test  is  only  of  value  when  made  with  the  engine 
nmning  with  full  load  (maximum  compression)  and  this  cannot  be  con- 
veniently done  either  in  an  aeroplane  or  automobile. 


BAT.         DISTRIBUTORS 


L.H.  MAGNETO 


RUNNING    POSITION 
BOTH   MAGNETOS    ON 


/ 

OFF   POS»TI0hJ 
BOTH    MAGNETOS 
GROUNDED 


L  MAGNETO 
MAGNETO 
IN   CIRCUIT  WITH 
SUMPTER  STARTING 
COIL  *OR   GROUND 
Figs.  3,081  to  3, 085. — Dixie  magneto  switch  diagrams,  and  magneto  connection  as  furnished 
for  Plall-Scott  four  cylinder  100  horse  power  engine.     The  switch  should  be  installed  in  the 
operator's  seat.   One  lever  controls  the  right  hand  and  left  hand  magnetos.     By  shunting 
either  one  or  the  other,  it  can  be  quickly  determined  if  both  magnetos,  with  their  respective 
spark  plugs,  be  working  correctly. 


The  reason  the  test  is  of  no  value  is  because,  wdth  little  or  no  compression 
a  spark  will  jump  a  gap  of  moderate  length  at  about  5,000  volts,  but  if  the 
throttle  be  opened  wide  with  engine  heavily  loaded,  it  will  require,  be- 
cause of  the  high  compression,  about  30,000  volts  to  produce  a  spark. 

It  can  be  readily  understood  that  if  the  insulation  be  defective  but 
adequate  for  5,000  volts,  it  would  allow  current  to  pass  for  higher  pressures, 
thus  no  spark  would  jump  the  gap  between  the  spark  points.* 


*NOTB. — ^A  full  treatment  of  both  Carburetter  and  Ignition  is  given  in  the  chapter  on  Gas 
Engines  (pages  1,382  and  1,418  respectively)  and  a  thorough  study  of  these  subjects  is 
ecommended. 
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Care  and  Operation 


To  Insure  Best  Operation. — The  following  instructions 
should  be  carried  out  after  every  long  flight.  If  used  for  school- 
ing purposes,  daily  care  should  be  taken,  as  follows: 

1.     While  engine  is  still  warm  remove  all  spark  plugs. 

2.  Clean  each 
plug  with  gasoline 
and  a  stiff  brush, 
and  space  each 
plug  with  proper 
.018  gauge. 

3.  Remove 
lower  crank   case 

plug,  and 
oil  into  a 
measure, 
same  and 
to  stand 


simip 

drain 

clean 

cover 

allow 

until  morning. 

4 .  Clean  out 
lower  crank  case 
thoroughly  with 
kerosene. 


Fig.  3,086. — Cam  action  of  Gnome  engine.  The  nine  holes  in  the  crank  pin  feed  oil  to  nine 
cams,  one  being  shown  at  A.  The  hole  is  at  the  base  on  the  incline  in  each  case.  In  opera- 
tion cam  roller  B,  picks  this  oil  up  and  carries  it  over  the  cam  surface,  some  of  it  reaching 
the  small  oil  holes  on  each  side  of  these  rollers  and  oiling  the  bearings  of  the  rollers.  The 
surplus  oil  from  here  feeds  up  through  the  valve  rod  guides,  thence  it  feeds  through  ball 
joint  D,  through  hollow  valve  rod  E,  and  oils  the  pin  at  F.  There  is  also  sufficient  oil  at 
this  point  to  strike  a  grove  on  the  under  side  of  the  valve  lever  and  feed  along  to  the  lever 
bearmg  G,  so  that  every  bearing  is  well  oiled  from  the  central  supply.  This,  however, 
requires  a  large  amount  of  oil,  a  characteristic  of  the  rotating  type  of  engine. 
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5.  Squirt  gun  full  of  kerosene  into  each  cylinder  through, 
spark  plug  opening. 

6.  Remove  front  portion  magneto  distributer  cover  and  wipe 
out  distributer  block  with  soft  cloth  moistened  in  alcohol  or 
gasoline  if  necessary. 

7.  In  replacing  distributer  block,  be  sure  to  wipe  off  all  excess 
oil  on  magnetos  and  cover  before  replacing. 

8.  Cover  engine  for  night  with  canvas  or  heavy  cloth. 


Fig.  3,087. — Front  side  of  Sturtevant  eight  cylinder  water  cooled  V  engine.  Cylinder  4 X5H;: 
r.p.m.,  2,000;  horse  power,  140.  The  propeller  shaft  is  driven  through  reducing  gears,  the- 
standard  ratio  being  5:3,  giving  a  propeller  speed  of  1,200  r.p.m.  The  direct  drive  is 
especially  adapted  to  dirigible  work. 


Preparing  Engine  for  Service. — Give  the  engine  a  few 
turns  and  note  that  all  working  parts  are  perfectly  free.  Re- 
place lower  oil  sump  plug. 

Pour  off  top  oil,  left  to  stand  over  night,  into  a  clean  measure > 
making  sure  that  the  heavier  portion  of  oil  and  carbon  deposit  is 
left  in  first  measure.  Add  to  the  second  measure  enough  new^ 
oil  to  make  two  gallons. 
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Pour  same  into  sump  through  breather  pipe  lead. 
Replace  spark  plugs  and  connect  lead  wires. 

The  engine  is  now  ready  to  start.  Run  slowly  with  engine  throttled  for 
at  least  five  or  six  minutes  while  the  plane  is  on  the  ground,  before  starting 
on  flight,  so  that  the  lubricating  oil  will  have  a  chance  to  work  up  onto 
the  cylinder  walls  and  pistons. 

For  normal  flight  do  not  place  more  than  the  amount  of  oil  specified  by 
the  manufacturer  in  sump. 


Standard  Adjustments. — Of  the  various  adjustments  that 


TOP    CtNTER 


NOTC    THAT   CRANK  SHAFT    IS 
JQO    PAST    THE  TOP  CENTER 
WHE.N  EXHAUST   VALVE   15  CLOSED 


EXHAUST 
CLOSES 

INTAKE 
OPENS 


THIS    DEPTH    THE  SAME  FOR 
BOTH    INLET    AND   EXHAUST   CAMS 


BOTTOM   CENTER 
Figs.  3,088  and  3,089. — ^Valve  timing  chart,  and  section  through  cam  shaft  housing  of  Hall- 
Scott  four  cyHnder  100  horse  power  engine,  showing  position  of  cams  when  exhaust  valve  is 
closed. 


must  be  made  from  time  to  time  for  satisfactory  working  the 
following  should  be  noted. 

Spark  Plugs, — These  should  have  .018  inch  clearance  between  points 
across  which  the  spark  jumps. 

Magneto  Breaker  Points. — The  gap  between  breaker  points  in  mag- 
netos when  full  open  should  be  about  .02.  Use  gauge  furnished  with 
each  magneto  screw  driver.  It  might  be  possible  to  obtain  better  results 
if  the  breaker  gap  be  closed  to  .018. 

Oil  Pressure. — This  will  vary  according  to  weather  conditions  and 
gravity  of  oil  used.     In  normal  weather,  with  engine  proper Iv  warmed  up, 
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the  pressure  will  register  upon  the  oil  gauge  from  5  to  15  lbs.  when  engine  is 
turning  from  1,275  to  1,300  r.p.m. 

Air  Pressure. — Air  pressure  gauge  should  not  register  under  3  lbs. 

Valve  Clearances, — Inlet  and  exhaust  valves  should  be  set  with  a  .0*2 
inch  clearance,  when  motor  is  cold.  This  should  be  checked  by  a  timing 
disc. 

Gear  Clearances* — ^With  the  exception  of  the  lower  pinion  shaft  gear 
meshing  with  the  crank  shaft,  which  has  a  .01  clearance;  all  other  gears 
have  a  .02  clearance. 

Bearing  Clearances* — Crank  shaft  bearings  should  have  a  .001  clear- 
ance. 

Connecting  rods  should  be  set  up  snug,  allowing  enough  clearance,  how- 
ever, so  that  the  rod  may  be  slid  laterally  on  the  crank  shaft  bearing  when 
oiled  without  binding. 

Lubricating  System. — (Diagram  of  lubrication  system  on  page  1,606.) 
The  proper  lubrication  of  an  airplane  engine  is  of  vital  importance. 

Oils  best  adapted  for  Hall-Scott  engines  have  the  following  properties: 
a  flash  test  of  not  less  than  400  F.;  viscosity  of  not  less  than  75  to  85  taken 
at  212  F.  with  Saybolt's  universal  viscosimeter. 

Engine  Oiling  System. — Crank  shaft,  connecting  rods  and  all  other 
parts  within  the  crank  case  and  cylinder  are  lubricated  directly  or  in- 
directly by  a  force  feed  oiling  system.  The  cylinder  walls  are  lubricated 
by  oil  spray  thrown  from  the  lower  end  of  connecting  rod  bearings.  A 
small  tube  supplies  oil  from  connecting  rod  bearing  directly  upon  wrist  pin. 

Engine  Oiling  Circulation. — The  oil  is  drawn  from  the  strainer  located 
at  the  lowest  p®rtion  of  the  lower  crank  case,  forced  around  the  main  intake 
manifold  oil  jacket.  From  here  it  is  circulated  to  the  main  distributing  pipe 
located  along  the  lower  left  hand  side  of  upper  crank  case.  The  oil  is  then 
forced  directly  to  the  low^er  side  of  crank  shaft  through  holes  drilled  in  each 
main  bearing  cap.  Leakage  from  these  main  bearings  is  caught  in  scuppers 
placed  upon  the  cheeks  of  the  crank  shafts  furnishing  oil  to  the  connecting 
rod  bearings.  Small  tubes  leading  from  the  bearings  convey  the  oil  to 
the  wrist  pins. 

Draining  Oil  from  Crank  Case. — The  oil  strainer  plug  is  located  at  the 
lowest  point  of  the  lower  crank  case.  This  is  a  combination  dirt,  water, 
and  sediment  trap.  It  is  easily  removed  by  unscrewing.  This  strainer 
should  be  removed  after  every  five  to  eight  hours  running  of  the  engine 
and  cleaned  thoroughly  with  gasoline.  It  is  also  advisable  to  squirt  dis- 
tillate up  into  the  case  through  the  opening  where  the  strainer  has  been 
removed. 

Allow  this  distillate  to  drain  out  thoroughly  before  replacing  the  plug 
with  strainer  attached.     Be  sure  gasket  is  in  place  on  plug  before  replacing. 
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Pour  new  oil  in  through  the  breather  pipe  on  exhaust  side  of  engine.  Be 
sure  to  replace  breather  pipe  strainer  screen,  if  removed. 

Insufficient  Lubrication. — If,  through  oversight,  the  engine  do  not 
receive  sufficient  lubrication  and  begin  to  heat  or  pound,  it  should  be 
stopped  immediately.  After  allowing  engine  to  cool,  pour  at  least  two 
gallons  of  oil  into  oil  sump.  Fill  radiator  with  water  after  engine  has 
cooled.  Should  there  be  apparent  damage,  the  engine  should  be  thor- 
oughly inspected  immediately,  without  further  running. 


TO  OIL  PRESSURE 
GAUGE    ON   DASH 


Fig.  3,090. — Oil  flow  diagram  of  Hall-Scott  100  horse  power  four  cylinder  engine.  In  opera' 
tion,  gear  pump  at  A,  pumps  the  oil  through  pressure  relief  valve  at  B,  into  oil  jacket  sur- 
rounding intake  manifold  at  C.  From  the  manifold  oil  jacket,  the  oil  goes  to  the  oil  main 
in  upper  crank  case  at  D.  From  the  main  individual  leads,  the  oil  is  forced  to  each  main 
bearing  delivered  through  the  bearing  caps  to  the  under  side  of  the  shaft.  The  oil  that  es- 
capes at  the  end  of  the  main  bearings  is  thrown  outward  along  the  crank  cheeks,  being 
caught  by  the  scuppers  at  E,  and  directed  into  the  hollow  crank  pin.  A  hole  in  the  crank 
pin  wall  allows  the  oil  to  be  forced  by  centrifugal  pressure  onto  the  connecting  rod  bearing. 
A  tube  located  on  the  side  of  the  connecting  rod  at  F,  conducts  the  oil  from  the  crank  pin 
bearing  onto  the  wrist  pin  bearing.  Cylinder  walls  and  pistons  are  oiled  by  splash  from  the 
crank  shaft  and  connecting  rods.  At  G,  in  the  end  of  the  oil  main,  is  located  an  orifice  which 
allows  a  measured  flow  into  the  pipe  H,  which  carries  the  oil  to  one  end  of  the  cam  shaft 
housing  and  forces  it  into  the  bore  of  the  hollow  cam  shaft  I .  Holes  through  the  cam  shaft 
wall  allow  the  oil  to  flow  onto  the  bearings.  Oil  escaping  from  the  cam  shaft  bearings  gathers 
in  the  bottom  of  the  cam  shaft  housing  and  flows  to  the  forward  end  where  it  forms  a  bath 
for  the  cam" shaft  gears  and  upper  vertical  shaft  bearings.  A  by-pass  at  J,  carries  the  oil 
into  the  vertical  shaft  housing.  Descending  through  the  vertical  shaft  housings,  the  oil 
thoroughly  lubricates  all  gears  and  ball  bearings  used  in  driving  the  magnetos,  water  pump 
and  pinion  shaft .  The  oil  pressure  on  the  bearings  is  registered  by  a  dash  gauge .  Care  shoulci 
be  taken  that  the  oil  does  not  work  up  into  the  gauge  as  it  will  prevent  the  correct  registering 
of  the  pressure. 
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If  no  obvious  damage  has  been  done,  the  engine  should  be  given  a  careful 
examination  at  the  earHest  opportunity  to  see  that  the  running  without 
oil  has  not  burned  the  bearings  or  caused  other  trouble. 

Auxiliary  Oil  Tank. — For  long  flights,  an  auxiliary  oil  tank  is  useful. 
This  tank  should  be  placed  slightly  higher  than  the  lowest  point  of  the 
engine  oil  sump,  thus  allowing  new  oil,  if  required,  to  flow  from  this  tank 
into  the  main  sump,  so  that  the  oil  will  flow  by  gravity  through  the  lead 
pipe  to  main  oil  sump  on  engine. 

The  crank  case  oil  sump  has  a  capacity  sufficient  for  from  three  to  six 
hours'  flight,  depending  entirely  upon  weather  conditions,  kind  of  oil  used 
and  r.p,m.  of  engine. 


MECHANICALLY  OPERATED  EXHAUST  VALVES 

1  CYLINDER^ 

i  AUTO- 

1  MATtC 

VALVE  'INLET 
OPENS/    VALVE 

PORTS 

MB*  cS 

PISTON 

ADMISSION    OF  \   \ 
RICH  MIXTURE   ^    ^ 

SINGLE  VALVE 


\(oo-] 


Figs.  3,091  and  3,094. — Arrangement  of  inlet  and  exhaust  valves  on  aeroplane  engines.  1, 
super-imposed;  2,  Gnome  inlet  in  piston  and  overhead  exhaust;  3,  so-called  single  valve;; 
4.,  overhead  inlet  and  exhaust. 


Preparation  to  Start  Engine.— Always  replenish  gasoHne  tanks, 
through  a  strainer  which  is  clean.  This  strainer  must  catch  all  water  and 
other  impurities  in  the  gasoline. 

Pour  the  proper  amount  of  fresh  oil  (as  recommended  by  the  manu- 
facturer of  the  engine)  into  the  lower  crank  case. 


1,608 


AEROPLANES 


Oil  all  rocker  arms. 

Be  sure  radiators  are  filled  within  one  inch  of  the  top. 

After  all  the  parts  are  oiled,  and  the  tanks  filled,  the  following  must  be 
looked  after  before  starting: 

See  if  crank  shaft  flange  be  tight  on  shaft. 

See  if  propeller  be  trued  up  to  within  J^  inch. 

See  if  propeller  bolts  be  tight  and  evenly  drawn  up. 

See  if  propeller  bolts  be  wired. 


Fig.  3,095. — Sturtevant  cylinder  heads;  interior  view  showing  valves.  The  heads  are  cast  in 
pairs  from  an  aluminum  alloy  and  contain  ample  vvater  passages  for  circulation  of  cooling 
water  over  the  entire  head.  The  water  jacket  of  the  heads  has  large  openings  in  both  to 
allow  the  unobstructed  circulation  of  the  cooling  water.  The  cylinder  heads  and  cylinders 
are  both  held  to  the  base  by  six  long  bolts. 

Oil  Pressure  Relief  Valve. — An  oil  relief  valve  is  located  just  off  of  the 
main  oil  pump  in  lower  crank  case.  This  regulates  the  pressure  at  all 
times,  so  that  in  cold  weather  there  will  be  no  danger  of  bursting  oil  pipes 
due  to  excessive  pressure.  If  it  be  found  that  the  oil  pressure  is  not  main- 
tained at  a  high  enough  level,  inspect  this  valve.  A  stronger  spring  will 
not  allow  the  oil  to  by-pass  so  freely  and  consequently  the  pressure  will 
be  raised;  a  weaker  spring  will  by-pass  more  oil  and  reduce  the  oil  pressure 
materially.        ^ 

Everv  four  davs  the  mai?netos  should  be  e^ven  two  or  three  droos  of 
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Every  month  all  cylinder  hold  down  nuts  should  be  gone  over  to  ascer- 
tain if  they  be  tight.     (Be  sure  to  re-cotter  nuts.) 

See  if  magnetos  be  bolted  on  tight  and  wired. 

See  if  magneto  cables  be  in  good  condition. 

See  if  rocker  arm  tappets  have  a  .02  clearance  from  valve  stem  when 
valve  is  seated. 

See  if  tappet  clamp  screws  be  tight  and  cottered. 

See  if  gasoline,  oil,  water  pipes  and  connections  be  in  perfect  condition. 

Air  on  gas  line  should  be  tested  for  leaks. 

Pump  at  least  three  pounds  air  pressure  into  gasoline  tank. 

After  making  sure  that  above  rules  have  been  observed,  test  compression 
of  cylinders  by  turning  propeller. 

'^Do  not  forget  to  short  both  magnetos.^' 

Be  sure  compression  relief  cocks  do  not  leak.  If  they  do,  replace  same 
with  new  ones  immediately,  as  compression  leak  might  cause  premature 
firing. 

Open  priming  cocks,  located  upon  the  intake  manifold,  and  squirt  some 
gasoline  into  each. 

Close  cocks. 

Open  throttle  slightly. 

Retard  magnetos. 

Open  magneto  switch. 

Starting. — If  all  the  foregoing  directions  have  been  carefully  followed, 
the  engine  is  ready  for  starting. 

Ifi  cranking  engine  either  by  starting  crank,  or  propeller,  it  is  essential 
to  throw  it  over  compression  quickly. 

Care  should  be  taken  when  mounting  the  propeller  to  locate  it  in  a 
suitable  position  so  that  it  will  be  possible  to  crank  it  rapidly  over  com- 
pression. 

If  the  engine  be  started  with  compression  release  cocks  open,  they  should 
be  closed  immediately  after  starting. 

When  engine  is  running,  advance  magnetos. 

Do  not  accelerate  engine  until  it  has  been  warmed  up  thoroughly. 

Allow  the  engine  to  warm  up  gradually. 

After  this  has  been  done  short  one  magneto  and  then  the  other,  to  be 
sure  both  magnetos  and  spark  plugs  are  firing  properly.  If  there  be  a 
miss,  the  fouled  plug  must  be  located  and  cleaned. 
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The  oil  gauge  provided  is  an  exceedingly  delicate  instrument  which 
might  easily  be  broken  by  excessive  pressure  caused  by  rapid  acceleration 
of  a  cold  engine.  Care  should  be  taken  to  see  that  oil  does  not  get  up 
inside  of  gauge  which  will  stop  it  up,  usually  making  the  hand  drop  to  zero. 

In  cold  weather  the  radiator  should  be  covered  until  the  temperature  of 
the  water  reaches  80  to  100  degrees  Fahr. 

To  Stop  Engine. — Before  stopping  engine,  let  it  run  slowly  for  a  minute 
or  two,  then  short  magnetos.  It  is  advisaVjle  after  a  long  run,  while  the 
engine  is  still  hot,  to  squirt  kerosene  into  the  exhaust  valve  guides.  Five  or 
ten  minutes  after  this  is  done,  the  engine  should  be  re-started  and  run 
three  or  four  minutes  before  stopping.  This  will  insure  an  easy  start 
next  morning.  It  will  also  loosen  up  the  carbon  deposit  upon  the  pistons 
and  exhaust  valve  stems. 


Fig.  3,096. — Sturtevant  crank  case.     It  is  cast  from  aluminum  alloy.    The  sides  extend  con- 
siderably below  the  center  line  of  the  crank  shaft  giving  a  deep  section.  * 

Irregularities  in  Starting  Engine, — Failure  to  start  the  engine  might 
be  caused  by  the  throttle  being  open  too  wide.  In  cold  weather  the 
carburetter  should  be  primed  well;  and  in  warm  weather  should  be  primed 
slightly.  After  the  engine  has  once  started,  it  should  not  be  primed  too 
much  before  re-starting.  The  use  of  high  test  gasoline  for  priming  helps 
starting  greatly,  but  should  be  used  with  caution,  taking  care  not  to 
over  prime  cylinders,  allowing  gas  to  run  down  into  craiik  case,  which 
might  cause  considerable  damage. 
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After  repeated  attempts  to  start  engine  as  just  directed,  and  not  suc- 
ceeding, it  is  advisable  to  inspect  the  spark  plugs.  Five  out  of  ten  eases 
of  ignition  trouble  are  due  to  dirty  or  incorrectly  spaced  spark  plugs.  The 
correct  spacing  is  .018.  All  should  be  uniform.  Be  sure  points  are  clean. 
Dip  tooth  brush  in  gasoline  and  brush  points.  Examine  the  wire  leads  to 
be  sure  they  are  each  in  their  proper  place. 


If,  after  a  test,  it  be  found  that  there  is  no  current  de- 
livered at  the  spark  plugs,  the  magneto  should  be  looked 
into  according  to  the  instruction  book  issued  by  the 
magneto  manufacturer,  and  if  not  easily  remedied  they 
should  be  sent  to  the  factory  representative  for  repairs. 

If  the  ignition  system  be  found  satisfactory,  the  trouble 
must  then  be  in  the  fuel  supply,  or  the  fuel  itself.  The 
carburetter  float  may  be  tull  of  gasoline,  allowing  the  float 
chamber  to  flood,  which  will  also  happen  if  the  needle 
valve  do  not  work  free,  or  some  obstruction  get  ini 
between  seat  and  valve.  The  supply  pipe  might  be 
clogged  partially  or  altogether.  If  force  feed  be  used; 
the  air  pressure  must  be  tested,  as  there  might  be  an  air 
leak,  or  the  air  pressure  gauge  might  register  a  certain 
amount  of  air  which  is  not  in  the  tank.  There  is  a 
possibility  that  the  jets  in  the  carburetter  are  stopped 
up.  If  this  be  the  case,  do  not  attempt  to  clean  same 
with  any  sharp  instrument.  If  this  be  done,  it  might 
change  the  opening  in  the  jets,  thus  spoiHng  the  adjust- 
ment. Jets  and  nozzles  should  be  blown  out  with  air 
or  steam. 


Figs.  3,097  to  3,099. — Sturtevant  connecting  rod  piston,  piston  rings,  and  wrist  pin 
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HOW  TO  SELECT  AN  ENGINE  1,613 

CHAPTER    51 
HOW  TO  SELECT  AN  ENGINE 

It  usually  happens  that  the  one  entrusted  with  the  important 
task  of  choosing  an  engine  for  a  power  installation,  has  very- 
little  knowledge  of  engines  in  general  and  is  therefore  unqualified 
to  make  an  intelligent  selection.  Moreover,  those  furnishing  the 
money,  as  a  rule  have  little  or  no  knowledge  of  machinery,  and 
consequently  do  not  appreciate  the  great  loss  entailed  by  installing 
the  wrong  type,  make,  or  size  of  engine. 

In  order  to  properly  select  an  engine,  one  should  have  a  con- 
siderable knowledge  of: 

1 .  Steam  engine  economy; 

a.  Factors  governing  economy.        b.  Feed  water  consumption. 
c.  Quality  and  pressure  of  steam  required. 

2.  Steam  engine  construction; 

a.  Service  requirements.  b.  Durability  { P^jP^fJj^'' 

c.  Relative  cost  of  different  types. 

3.  Type  of  boiler  and  auxiliary  machinery  involved: 

4.  Plant  conditions; 

a.  Nature  of  the  load.  /.  Miscellaneous  supplies. 

b.  Growth  of  plant.  g.  Space  required. 

c.  Uses  for  steam.  h.  Attendance. 

d.  Quality  and  cost  of  the  water,  fuel.  i.  Interest  on  investment. 

e.  Quality  and  cost  of  the  fuel.  j.  Depreciation. 

It  must  be  evident  to  anyone  that  the  statement  that  one 
engine  requires  only  Yz ,  Vs  or  even  V5  as  much  fuel  as  some  other 
engine  means  nothing  unless  the  following  items  for  both  engines 
be  known: 
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LBS   PER  HOUR 
PER  HORSE  POWER 


Coal  Unit 


St 


earn 


Unit 


LBS    PER  HOUR  PER 
HOR.se  POWER  MULTIPLIED 
BY    FACTOR  OF 
EVAPORATION 


B.TU.  PER  MINUTE 
PER  HORSE  POWER 


I  DEGREE  FAHR 
I  LB.  OF  WATER 


Equivalent  Steam  Unit 


Heat  Unit 


FT.  LBS.  OF  WORK  DONE 
PER  1,000,000  B.T.U.. 


PRESSURE 


Duty  Unit 


TOTAL  HEAD 

AS  INDICATED 

BY  GAUGES 


Pigs.  3,102  to  3,106.— Various  units  of  engine 
performance  graphically  defined.  Fig.  3,102. 
coal  unit;  fig.  3,103,  steam  unit;  fig. 
3,l0i,  equivalent  steam  unit;  fig.  3,105, 
'heat  unit;  fig.  3,106,  duty  unit.  In  fig. 
3,102,  the  fireman  shovels  about  6  lbs.  of  coal 
per  hour  per  horse  power,  and  assuming  the 
engine  to  be  say  10  horse  power,  would  make  a 
total  of  60  lbs.  of  coal  per  hour  required.  Fig.  • 
3,103  shows  the  method  of  measuring  feed 
water  of  a  condensing  engine,  and  fig.  3,104, 
the  same  reduced  to  a  "from  arid  at  212°  F." 
basis.  Similarly,  figs.  3,105  and  3.106,  point 
out  things  to  be  considered  in  the  heat  and  duty 
units  of  engine  performance. 
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1.  Cost  of  fuel  and  water.  3.     Attendance  required. 

2.  Cost  of  plant.  4.     Depreciation. 

Thus,  the  owner  of  a  saw  mill  may  put  in  a  multi- expansion  condensing 
engine  using  high  pressure  superheated  steam,  involving  expensive  boiler, 
auxiliaries,  skilled  attention,  etc.,  and,  although  he  obtain  a  horse  power 
hour  on  only  10  pounds  of  steam,  the  net  expense  may  be  more  than  if  he 
installed  the  simplest  and  most  wasteful  type  of  engine,  requiring  50  or  60 
pounds  of  steam  per  horse  power  hour. 

Units  of  Engine  Performance. — There  are  several  ways  in 
which  the  input,  required  by  an  engine  may  be  expressed,  such  as: 

1 .  Pounds  of  coal  per  hour  per  horse  power  {coal  unit), 

2.  Pounds  of  steam  per  hour  per  horse  power  {steam  unit). 

3.  Equivalent  pounds  of  steam  per  hour  per  horse  power 

{equivalent  steam  unit). 

4.  British  thermal  units  per  minute. per  horse  power  {heat 
unit). 

5.  Fort  pounds  per  1,000,000  B.t.u.  {duty  unit). 
Whereas  the  coal  unit  (pounds  of  coal  per  horse  power  hour) 

is  what  the  owner  of  the  plant  is  interested  in,  this  is  misleading 

and  not  fair  to  the  engine,  because  the  latter  uses  steam  and  not 

coal . 

By  knowing  both  the  coal  unit  and  steam  unit,  the  performance  of  the 
boiler  and  engine  are  expressed  independently,  hence  any  undue  waste  can 
be  located.  Thus,  a  certain  engine  may  require  an  abnormal  amount  of 
coal;  by  testing  the  engine  it  can  be  determined  if  the  steam  consumption 
be  in  proportion  to  the  coal  used,  the  result  indicating  either: 

1 .  Losses  in  the  engine  by  leakage  or  faulty  steam  distribution,  or 

2.  Losses  in  the  boiler  due  to  scale,  dirty  tubes,  improper  firing,  etc. 

An  important  point  to  note  in  regard  to  the  steam  unit  is  that 
only  a  very  poor  idea  of  the  actual  economy  of  an  engine  can 
be  obtained  by  simply  stating  the  number  of  pounds  of  steam*  it 
consumes  per  horse  power  hour  without  giving  the  pressure  and 
quality  of  the  steam,  and  temperature  of  the  feed  water. 

*NOTE. — The  reader  should  not  confuse  the  term  "pounds  of  steam/'  1,  when  used  as  a 
measure  of  quantity,  meaning  the  weight  of  the  water  from  which  the  steam  was  generated,  and 
2,  when  used  as  a  measure  of  quality,  meaning  its  pressure  per  square  inch.  Thus,  a  certain 
engine  requires  32  pounds  of  steam  (weight)  per  horse  power  hour  with  steam  gauge  registering 
80  pounds  of  steam  (pressure).     See  fig.  4,007. 
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Oues.    Why  is  this? 

Ans.  Because  simply  the  weight  of  steam  generated  does  not 
indicate  the  amount  of  heat  energy,  and  consequently  the  amount 
of  coal  required  to  generate  the  steam. 

Ques.  How  are  the  relative  demands  on  the  boiler 
ascertained  ? 

Ans.     By  finding  the  relative  steam  unit, 

4 

POUNDS  OF  STEAM 
MEANING    PRESSURE 
PER   SQUARE  INCH 

fTTm 

POUNDS  OF  STEAM    MEANING 
WEIGHT  AS  MEASURED  BY 
WEtGHING  ThE  CONDENSATE 


^' 


CONDENSER 


Fig.  3,107.— Distinction  between  the  terms  ''pounds  of  steam"  meaning  pressure,  and  ''pounds 
of  steam"  meaning  weight.  Thus,  the  type  of  engine  and  boiler  shown  would  ordinarily 
be  run  with  80  pounds  of  steam  (boiler  pressure  per  square  inch)  and  would  require  about 
50  pounds  of  steam  (weight)  per  horse  power  per  hour.  This  quantity  is  usually  determined 
in  testing  by  passing  the  exhaust  through  a  condenser  and  weighing  the  condensate  in  a 
barrel  on  a  platform  scale,  deducting  of  course  the  weight  of  the  barrel  to  obtain  the  net  weight 
of  the  water.  The  pounds  of  condensate  discharged  into  the  barrel  per  hour  divided  by  the 
horse  power  gives  the  pounds  of  steam  used  by  the  engine  per  horse  power  per  hour  and  is  a 
measure  of  its  economy. 

That  is  to  say,  the  equivalent  evaporation  from  and  at  212°  Fahr.*  cor- 
responding to  the  steam  units  as  illustrated  in  the  example  following: 


.^*NOTE. — The  term  from  and  at  212°  Fahr.,  means  that  the  steam  is  generated  at  a 
temperature  of  212*^  from  the  water  of  the  same  temperature.  Steam  is  generated  at  212°,  if 
the  vessel  containing  the  water  be  open  to  the  atmosphere  and  the  barometer  read  29.921,  the 
pressure  corresponding  to  this  readmg  being  known  as  the  standard  atmosphere. 
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Figs.  3,108  and  3,109 — Two  engines  illustrating  the  term  pounds  of  steam  in  its  economic 
sense.  The  throttling  engine  fig.  3,108  is  very  wasteful  and  will  require  about  50  pounds 
of  steam  per  horse  power  per  hour,  while  the  uniflow  engine  shown  in  fig.  3,109,  being  designed 
for  economy  will  run  on  only  about  15  pounds  of  steam  per  horse  power  per  hour. 


NOTE. — The  following  table  for  Fernald  and  Orrok  serves  to  illustrate  the  term  "pounds  of 
steam,"  and  also  the  marked  gain  in  steam  consumption  of  condensing  engines  over  non-con- 
densing. The  figures  given  are  approximate  only.  The  student  of  steam  engine  economy 
should  make  a  study  of  the  tabulated  results  of  a  large  number  of  tests,  noting  in  each  case  all 
the  particulars  of  the  engine. 

Pounds  of  Steam 

(Per  indicated  horse  power  per  hour) 


Non-Condensing 

Condensing 

Per  cent 
Gained 

TYPE  OF  ENGINE 

Probable 
Limits 

Assumed 
for  Com- 
pression 

Probable 
Limits 

Assumed 

for 
Expansion 

Con- 
densing 

Simple  high  speed 

65-25 
30-22 
30-22 
24-18 
27-17 

33 
25 
26 
21 

22 

50-19 
24-17 
24-16 
20-12 
23-14 
18-11 

23 
19 
20 
17 
17 
16 

30 

"       low  speed 

24 

Compound  high  speed 

23 

**           low  speed 

19 

Triple  high  speed 

23 

"      low  speed 
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Example, — Two  engines,  A  and  B,  require  steam  as  follows:  A,  15 
pounds  of  steam  at  200  pounds  abs.  pressure,  200°  superheat;  feed  water 
110°.  B,  17  pounds  of  saturated  steam  at  100  pounds  abs.  pressure;  feed 
water  200°.    What  are  the  relative  demands  on  the  boiler? 

Total  heat     Feed      Latent  heat  Factor  of 

above  32°     water      at  212°  evaporation 

Engine  A  (1307.7  -  110)-^970.4= 1.234 

Engine  B  (1186.3  -  200)-^970.4= 1.015 

Equivalent  evaporation  from  and  at  212°  Fahr. 

Engine  A,     15X1.234= ] 18.5  pounds 

Engine  B.     17X1.015= 17.3  pounds 

Thus,  it  is  seen  that  while  engine  A,  requires  2  pounds  of  steam  less  than 
engine  B,  the  actual  equivalent  evaporation  required  of  the  boiler  is  18.5  — 17.3 
=  1.2  pound  more  for  A,  than  for  B. 

Oues.     In  what  other  way  is  the  boiler  demand  for 
various  engines  reduced  to  a  common  basis? 

Ans.  By  measuring  the  steam  consumption  in  heat  units 
per  indicated  horse  power  per  minute. 

Example. — An  engine  consumes  20  pounds  of  steam  when  running 
condensing  with  saturated  steam  of  100  pounds  abs.  pressure;  temperature  of 
feed  water  110°  Fahr.  How  many  B.t.u.  per  minute  are  being  consumed  by 
the  engine? 

Total  heat  in  one  pound  of  steam  at  100  pounds  als. 

(from  table)  =  .. 1186.3  B.t.u. 

Total  heat  above  32°  Fahr.  in  one  pound  of  the  feed 

water  at  110°  =  110° -32°= 78       B.t.u. 

Heat  supplied  by  boiler  per  pound  of  steam 1108.3  B.t.u. 

Heat  consumed  by  the  engine  per  horse  power  per  minute, 

1108.3X20^3^9  4^,^, 
60 

The  term  duty  is  used  in  connection  with  pumps  as  a  measure* 
of  economy.  Duty  is  defined  as  the  foot  pounds  of  work  done  per^ 
100  pounds  of  coal,  or  per  1 ,000  pounds  of  steam,  or  per  1 ,000,000 
B.t.u.  furnished  by  the  boiler. 
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The  power  test  committee  of  the  A.  S.  M.  E.  (1915)  defined  duty  as 
follows:  The  duty  per  million  heat  units  is  found  by  dividing  the  number  of 
foot  pounds  of  work  done  during  the  trial  by  the  total  number  of  heat  units 
consumed  J  and  multiplying  the  quotient  by  1,000,000.  This  unit  is  the 
equivalent  of  100  pounds  of  coal  when  each  pound  of  coal  gives  10,000 
B.t.u.  to  the  water  in  the  boiler,  or  where  the  evaporation  is  10,000  -^970.4  = 
10.305  pounds  of  water  from  and  at  212°  Fahr.  per  pound  of  fuel. 

Horse  Power. — The  term  horse  power  is  defined  as  33,000 
foot  pounds  of  work  done  in  one  minute.  There  are,  however, 
several  kinds  of  horse  power  and  it  is  important  to  clearly 
understand  the  differences  between  these  and  their  application 
to  avoid  confusion  and  errors.    They  are: 

1.  *  Nominal  horse  power. 

2.  Indicated  horse  power. 

3.  Brake  horse  power. 

4.  Effective  horse  power. 

5.  Hydraulic  horse  power. 

6.  Boiler  horse  power. 

7.  Electrical  horse  power. 

Indicated  Horse  Power. — This  represents  the  power  developed  in  the 
engine  cylinder  as  measured  by  the  indicator.  It  does  not,  however, 
represent  the  useful  power  delivered  by  the  engine. 

Brake  Horse  Power. — This  is  the  actual  horse  power  delivered  by  the 
engine  to  the  shaft,  being  equal  to  the  indicated  horse  power  minus  the 
friction  of  the  engine.  It  is  measured  by  applying  a  dynamometer  or  friction 
brake  to  the  fly  wheel  (hence  the  name);  though  usually  known  as  brake 
horse  power  it  is  sometimes  called  delivered  horse^  power. 

Effective  Horse  Power, — In  any  system  of  which  the  engine  is  only  one 
element,  the  effective  horse  power  is  the  actual  horse  power  given  by  or  to 


*NOTE.; — Nominal  horse  power. — This  term,  which  is  due  to  Watt,  has  long  been 
obselete  but  it  should,  however,  be  understood.  Watt  found  that  the  mean  pressure  usually 
obtained  in  the  cylinders  of  his  engines  was  7  pounds  per  square  inch.  He  had  also  fixed  the 
proper  piston  speed  at  128  Xv^  strokes  from  which  he  calculated  the  power  which  would  be 
developed  =  area  of  piston  X  7  X  128  X  \^  strokes  per  minute  -^  33,000.  With  subsequent 
increases  in  boiler  pressures  with  resulting  increases  in  mean  pressures,  the  difference  between 
nominal  horse  power  and  the  actual  horse  power  developed  by  the  engine  has  become  so  great 
as  to  render  Watt's  rating  useless. 
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the  system.    Thus,  in  a  locomotive,  the  effective  liorse  power  given  by  the 
system  (locomotive)  to  the  cars  is: 

pull  on  tender  draw  link  X  speed 
33^000 


Figs.  3,126  and 3,127.— Friction  rope  brakes.  {Trans.  A.S.M. £.,  vol.  24,  p  739.)  In  the  self- 
adjusting  rope  brake,  fig.  3,126,  if  the  friction  at  the  rim  of  the  wheel  increase,  it  will  lift  the 
weight  A,  which  action  will  diminish  the  tension  in  the  end  B,  of  the  rope,  and  thus  prevent 
a  further  increase  in  the  friction.  The  same  device  can  be  used  for  a  band  brake  of  the  ordinary 
construction.  Where  space  below  the  wheel  is  limited,  a  cross  bar  C,  supported  by  a  chain 
tackle  exactly  at  its  central  point,  may  be  used  as  shown  in  fig.  3  127,  thereby  causing  the 
action  of  the  weight  on  the  brake  to  be  upward.  A  safety  stop  should  be  used  with  either 
form,  to  prevent  the  weights  being  accidentally  raised  more  than  a  certain  amount.  To 
compute  the  horse  power,  multiply  the  difference  between  the  weight  A,  and  the  weight  shown 
on  spring  balance  B,  by  the  number  of  revolutions  of  the  pulley  per  minute,  and  by  the  cir- 
cumference of  a  circle  passing  through  the  center  of  gravity  of  the  rope  expressed  in  feet; 
finally  dividing  the  product  by  33,000.  The  radius  is  measured  at  the  point  where  that  part 
of  the  rope  under  highest  tension  leaves  the  rim  of  the  wheel.  If  the  self-adjusting  feature 
be  omitted,  the  weight  may  be  determined  by  the  use  of  platform  scales,  the  two  ends  of  the 
rope  being  attached  to  a  vertical  stand  supported  by  the  platform,  and  provision  being  made 
for  adjusting  the  tension. 


Again,  in  a  steamship  the  effective  horse  power  given  by  the  engine  to 
the  system  (power  plant  and  vessel)  is: 

horse  power  delivered  to  shaft  —  loss  due  to  slip. 


HOW  TO  SELECT  AN  ENGINE 


1,623 


Hydraulic  Horse  Power,— This  may  be  defined  as  the  horse  power  re- 
quired to  elevate  or  force  water  against  pressure;  it  is  as  usually  measured 
the  indicated  horse  power  at  the  water  end  of  a  punip.  In  calculations  of 
hydraulic  horse  power  required  to  elevate  water,  it  is  necessary  to  under- 
stand the  difference  between: 

1.  Static  head, 

2.  Dynamic  head, 

3.  Static  lift, 

4.  Dynamic  lift. 


Fig.  3,128. — ^View  of  elevated  tank  with  pump  in  operation  maintaining  the  supply  which  is 
being  drawn  upon  as  shown,  illustrating  the  terms  static  lift,  dynamic  lift,  static  head,  and 
dynamic  head.  Static  head  is  the  height  from  a  given  point  of  a  colmnn,  or  body  of  water 
at  rest,  considered  as  causing  or  measuring  pressure.  Dynamic  head  is  an  equivalent  or 
virtual  head  of  water  in  motion  which  represents  the  resultant  pressure  due  to  the  height  of  the 
water  from  a  given  point,  and  the  resistance  to  flow  due  to  fricticm.  Thus,  when  water  is  made  to 
flow  through  pipes  or  nozzles  there  is  a  loss  of  head.  Similar  definitions  apply  to  static 
lift,  and  dynamic  lift.  In  the  figure  the  dynamic  head  is  greater  than  the  static  head  in 
the  supply  line  to  the  tank,  and  less  in  the  tank  discharge  line  because  of  frictional  resistance  to 
the  flow  of  the  water.  In  ordinar^'^  calculation,  it  is  common  practice  to  estimate  that  every 
foot  head  is  equal  to  one-half  pound  pressure  per  square  inch,  as  this  allows  for  ordinary 
friction  in  pipes. 


Static  head  is  the  difference  in  elevation  between  the  pump  and  height  to  which  the  water 
is  raised. 

Dynamic  head  is  the  equivalent  head  allowing  for  increase  in  pressure  due  to  the  friction 
of  the  water  in  flowing  through  the  pipes. 

Static  lift  is  the  difference  in  elevation  between  the  pump  and  the  level  of  the  water  supply. 

Dynamic  lift  is  the  equivalent  lift  allowing  for  the  increase  (due  to  friction)  in  pressure 
necessary  to  force  the  water  from  the  supply  to  the  pump. 
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These  various  terms  are  illustrated  in  figs.  4,002  to  4,006,  which  should 
be  thoroughly  understood. 

Oues.  In  calculating  hydraulic  horse  power  what  should  be  considered 
as  producing  pressure? 

Ans.  The  total  dynamic  lift  or  total  equivalent  distance  the  water  is  to 
be  elevated  being  equal  to  dynamic  head  -{-  dynamic  lift. 

Ques.  How  is  the  allowance  which  must  be  made  for  friction  obtained 
in  determining  the  dynamic  head  and  dynamic  lift. 

Ans.     By  consulting  a  table  giving  the  friction  of  water  in  pipes. 

Electrical  Horse  Power. — It  is  desirable  to  establish  the  relation  between 
watts  and  foot  pounds  in  order  to  determine  the  capacity  of  an  electric  gen- 
erator or  motor  in  terms  of  horse  power. 

Since  one  watt  is  equivalent  to  44.244  foot  pounds,  the  electrical  equiva- 
lent of  one  horse  power  is: 

33,000  -4-  44.244  =  746  watts,  or  .746  k.w. 
Again,  one  kilowatt  or  1,000  watts  is  equivalent  to 
1,000  -^  746  =  1 .34  horse  power. 

Ques.    How  is  the  electrical  horse  power  of  a  motor  obtained? 

Ans.  By  multiplying  the  readings  taken  from  volt  meter  and  ammeter, 
which  gives  the  watts,  and  dividing  the  product  by  746,  the  number  of 
watts  per  horse  power. 

That  is; 

Electrical  horse  power  =  volts  X  amperes  ^  watts 
^  746  746 

Efficiency. — In  general  the  term  efficiency  may  be  defined  as 
the  ratio  of  the  useful  work  performed  by  a  prime  mover  to  the  energy 
expended,  that  is,  the  output  divided  by  the  input. 

In  any  power  plant,  however,  it  is  important  to  distinguish 
between  several  kinds  of  efficiency,  as: 

1.  With  respect  to  the  engine; 

a.  Thermal  efficiency. 

b.  Mechanical  efficiency. 

c.  Combined  efficiency. 
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2.     With  respect  to  the  boiler; 

a.  Efficiency  of  the  grate. 

b.  Efficiency  of  the  furnace. 

c.  Efficiency  of  the  heating  surface. 

d.  Efficiency  of  the  covering  or  insulating 


material. 


e.  Combined  or  overall 
efficiency  covering 
items  a,  b,  c,  and  d. 

3.     With  respect  to 
entire  plant. 

a.  Net  or  commercial 
efficiency. 

1,185.4  B.T.U. 


COMING  OUT 


HEAT  6IVEN  BY  BOILER 
PER  LB.  OF  STEAM 

1,185.4-180=1.005.4  B.T.U. 


FEED  AT  212" 
180  B.T.U. 


GOING  IN 


Pig.  3,129. — Thermal  efficiency.  The  heat  chargeable  to  an  engine  per  lb.  of  steam  is  the; 
difference  between  the  total  heat  in  a  lb.  of  steam  {coming  out)  at  the  boiler  pressure  and 
that  in  a  lb.  of  the  feed  water  going  in  the  boiler.  In  the  above  case  then,  heat  given  by 
the  boiler  per  lb.  of  steam  =  1005.4  B.t.u.  Now  the  B.t.u.  per  minute  used  by  the  engine 
per  lb.  of  steam  per  i.h.p.  hour  =  1005.4  ^60  =  16.76  and  if  the  engine  require  50  lbs.  of  steam 
per  i.h.p.  hour,  then  B.t.u.  per  minute  per  i.h.p.  =16.76X50=838,  and  the  thermal  effi- 
ciency — 42.44-^838  =  .05,  that  is  5%. 


Efficiency  of  the  Engine, — The  kind  of  engine  efficiency  that  is  most 
important  is  the  combined  efficiency  or  the  ratio  of  useful  work  performed 
by  the  engine  to  the  energy  expended — the  output  divided  by  the  input. 
Clearly  this  involves  both  the  thermal  and  mechanical  efficiency  which  re- 
spectively take  into  account  the  steam  dind  friction  losses. 
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Thermal  Efficiency, — ^A  perfect  engine  con- 
verting all  the  heat  energy  of  the  steam  into 
work  would  require: 

33,000  foot  pounds  -^  777.54  =  42.44 B.t.u. 

per  minute  per  indicated  horse  power.  This 
figure  42.44  divided  by  the  number  of  B.t.u.  per 
minute  per  i.h.p.^  consumed  by  an  engine  gives 
its  thermal  efficiency,  that  is,  its  efficiency  com- 
pared with  a  perfect  engine;  expressed  as  an 
equation: 

42.44 


thermal  efficiency  =  ^z— \ — — 

B.t.u.  per  mm.  per  t.h.p, 


MECHANICAL   EFFICIENCY 


Fig  .  3 .130.— Hoisting  engine  illus- 
trating mechanical  efficiency. 
The  power  delivered  at  the 
drum  is  always  less  than  the 
power  applied  to  the  piston  by 
the  steam;  this  difference,  in 
amount  being  equal  to  the 
friction  of  all  the  working  parts 
from  the  piston  to  the  drum 


In  practice  the  thermal  efficiency  is  always  less  than  i,  the  difference 
representing  the  per  cent  losses^  as.  by  radiation,  condensation,  wire  drawing 
leakage,  drop,  etc. 

Mechanical  Efficiency, — The  statement  that  a  given  engine  requires  t 
certain  number  of  pounds  of  steam  per  indicated  horse  power  per  hour  doej 
not  represent  the  amount  of  energy  expended  in  proportion  to  the  usefu 
work  done,  that  is,  it  does  not  take  into  account  the  losses  due  to  frictioi 
of  the  moving  parts.  Accordingly  the  power  delivered  to  the  shaft  wil 
always  be  less  than  the  power  applied  to  the  piston,  the  difference  beinj 
in  amount  equal  to  the  power  lost  by  friction.  Thus,  in  a  certain  engine 
5  per  cent  of  the  power  is  lost  by  friction,  accordingly  the  power  deliverec 
to  the  shaft  is  100%  —  5%  =  95%  of  the  power  supplied,  to  the  piston 
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This  percentage,  95%,  or  .95,  as  it  is  usually  expressed,  represents  the  ratio 
of  the  power  delivered  to  the  power  applied  and  is  known  as  the  mechanical 
efficiency. 

By  definition  then,  mechanical  efficiency  is  the  ratio  of  the  power 
delivered  to  the  power  applied^  that  is,  the  power  delivered  to  the  shaft 
divided  by  the  power  applied  to  the  piston — in  other  words,  the  brake 
horse  power  divided  by  the  indicated  horse  power.  Evidently  then,  the 
steam  consumption  of  an  engine  as  usually  stated  is  only  the  apparent 
consumption  and  to  obtain  the  true  consumption  the  mechanical  efficiency 
must  be  considered. 


Mechanical  Efficiency  of  Various  Engines 


Kind  of  Engine 


Horse 
Power 


Efficiency 


Simple  Engines 

Horizontal  portable . .  . 

Horizontal  portable. 

High  speed  stationary. 

High  speed  stationary. . , 

Corliss,  condensing 

Corliss,  non-condensing 

Compound  Engines 

Portable 

Horizontal  stationary 

Horizontal  mill  engine 

Corliss,  condensing 

High  speed,  condensing , 

Pumping  engines 

Vertical  three  cylinder  compound  electric 
lighting  engines 

Triple  Expansion  Engines 

Vertical  pumping  engines 


25 

.86 

80 

.91 

50 

.92 

100 

.94 

150 

.85 

100 

.86 

80 

.88 

75 

.9 

300 

.86 

100 

.9 

46 

.87 

650 

.93 

6,000 


800 


.97 


.94  to  .97 


Example. — A  certain  engine  developing  100  indicated  horse  power,  requires  25  pounds  of 
steam  per  indicated  horse  power  hour  and  its  mechanical  efficiency  is  .87.  What  is  the  real 
steam  consumption? 

The  mechanical  efficiency  being  .87,  the  power  delivered  to  the  shaft  will  be  reduced  to 
100  X  .87  =  87  horse  power 
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but  the  total  steam  supplied  to  the  engine  per  hour  is 

100  X  25  =  2,500  pounds 
and  as  only  87  horse  power  is  delivered  to  the  shaft,  the  true  steam  consumption  is 

2.500  ^  87  =  28.7  pounds 
instead  of  25  pounds. 

In  general  the  mechanical  efficiency  of  engines  varies  from  .85  to  .95. 

The  following  table,  by  Fernald  and  Orrok,  gives  a  few  efficiencies 
obtained  from  tests  of  engines  under  normal  but  good  working  conditions: 


Consumption  of  Condensing  Engines 

(Approximate  steam  consumption  according  to  Kent) 


Steam  Pressure 

*Type  of  engine 

400 

300 

250 

200 

150 

100 

75 

60 

Lbs.  of  steam  per  hour  per  horse  power 

Ideal  engine  (Rankine  cycle)   

6.95 
8.75 
9.25 
10.5 
14.0 

7.5 
9.15 
9.95 
11.25 
15.0 

7.9 
9.75 
10.5 
11.8 
15.8 

8.45 
10.5 
11.15 
12.7 
16.8 

9.2 
11.6 
12.3 
13.9 
18.4 

10.5 
13.0 
14.0 
15.6 
20.4 

11.4 
14.0 
15.1 
16.9 
22.7 

12  9 

Quadruple  expansion  wastes  20  per  cent 
Triple  expansion  wastes  25  per  cent .... 

Compound  wastes,  33  per  cent 

Simple  engine  wastes,  50  per  cent 

15.6 
16.7 
18.9 
25.2 

The  following  example  will  illustrate  the  importance  of  considering  me- 
chanical efficiency  in  selecting  a  boiler. 

Example, — 150  brake  horse  power  is  required  to  run  a  certain  factory.  If  a  compound 
condensing  engine  be  installed  having  a  mechanical  efficiency  of  .86  and  requires  21  pounds  of 
steam  per  indicated  horse  power  hour,  initial  pressure  being  150  pounds  and  the  feed  water 
returned  to  boiler  at  122°  Fahr.,  what  size  boiler  should  be  provided  allowing  an  excess  capacity 
•oi  25%  for  overload  and  steam  supplied  to  avixiliaries ,  etc.? 

Since  150  horse  power  must  be  delivered  for  the  fly  wheel  and  the  mechanical  efficiency  is  < 
^86,  the  engine  must  develop 

150  -r-  .86  =  174.4,  say  175  indicated  horse  power 

The  total  steam  supplied  to  the  engine  is 

175  X  21  =  3,675  pounds  per  hour. 

Allowing  25%  excess  capacity,  total  steam  to  be  supplied  by  the  boiler  is 

3,675  X  1.25  =  4,594  pounds  per  hour  at  150  pounds  pressure. 


*NOTE. — These  engines  are  of  the  usual  ratios  of  expansion.  A  1  to  7  compound  will  be  as 
economical  as  a  1  to  7  triple  or  quadruple  expansion  engine.  It  is  conservative  to  say  that  com- 
pound engines  may  now  be  built  to  produce  an  indicated  horse  power  on  12.5  lb.  of  saturated 
steam  per  hour.  With  high  degree  of  superheat  the  10-lb.  mark  has  been  passed  but  if  results 
were  calculated  on  the  basis  of  saturated  steam  the  figures  would  barely  reach  10  lb.  From 
23  four- valve  engines  in  commercial  operation,  Barrus  reports:  1  falls  below  12  lb.;  3  fall  below 
13  lb.;  16  fall  below  14  lb.;  only  3  fall  above  14  Ih.— Fernald  and  Orrok, 
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The  factor  of  evaporation  for  steam  at  150  pounds  pressure  generated 
from  feed  water  having  a  temperature  of  122°  is  (from  table)  1.1388,  hence 
equivalent  amount  of  steam  to  be  generated  'Jrom  and  at  212°^^  is 

4,594  X  1.1388  =  5.232  pounds  per  hour. 

The  boiler  capacity  required  then  is: 

'  5,232  ^  34H  =  152  horse  power. 

If  in  making  the  above  calculation  the  mechanical  efficiency  were 
neglected,  the  boiler  capacity  would  have  been  less  than  the  above  value 
in  the  proportion  of: 

1  -  21  -5-  (21  -^  .86)  =  .14,  that  is  14%  or  20  horse  power. 

That  is,  calculated  boiler  capacity  would  have  been  152  —  21  =  131 
horse  power  instead  of  152  horse  power. 


Hence  the  energy  output  of  the  dynamo  is 

25  X  .83  =  20.8  horse  power,  or 

.746  X  20.8  =  15.5  kw. 
The  current  output  is 

15.5  X  1,000 

=  140.9  amperes. 

110 

Boiler  Efficiency* — In  general,  the  efficiency  of  the  boiler  is  defined  as 
the  percentage  of  the  total  heat  generated  by  the  combustion  of  the  fuel  which  is 
utilized  in  heating  the  water  and  generating  the  steam.  This  is  evidently  the 
combined  or  overall  efficiency ,  being  the  product  of: 

1.  Efficiency  of  the  grate. 

2.  Efficiency  of  the  furnace. 

3.  Efficiency  of  the  heating  surface. 

4.  Effiicency  of  the  boiler  covering  or  insulating  material. 

The  heat  losses  chargeable  to  the  grate  and  furnace  are  those  resulting 
from  fuel  dropping  through  the  grates  or  withdrawn  from  the  furnace, 
including  the  solid  combustible  matter  in  the  cinders,  sparks,  flue  dust,  etc. 

Considerable  heat  is  lost  due  to  bad  proportion  or  condition  of  tlie  heating 
surface. 

The  heat  lost  through  the  covering  or  insulating  material  of  the  boiler  is 
not  easily  determined,  especially  if  the  boiler  be  enclosed  in  brickwork. 
The  average  loss  for  a  brick  setting  is  about  3%. 

In  determining  the  "efficiency"  of  a  boiler  (meaning  the  combined 
efficiency  of  the    4  above  factors)  the   ratio    is  found   between  the  heat 
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absorbed  per  pound  of  dry  coal  and  the  heat  {calorific)  value  of  one  pound  a 
dry  coal,  or  the  ratio  of  the  two  based  on  coal  as  fired.* 

With  hard  coal  the  heating  value  of  the  combustible  portion  (the  par 
that  burns)  is  very  nearly  14:,S00 B.t.u.  per  pound,  equal  to  an  evaporatior 
of  14,800  -^  970.4  =  15.25  pounds  of  water  from  and  at  212°  Fahr, 

A  boiler  which  when  tested  with  this  coal  shows  an  evaporation  of  1^ 
pounds  of  water  per  pound  of  combustible,  has  an  efficiency  of  12  -r-  15.25  = 
78.69%,  as  shown  in  fig.  3,131.  This  value  is  seldom  approximated  ir 
practice. 

The  difference  between  the  efficiency  obtained  by  test  and  100%  is  th( 
sum  of  the  various  losses,  the  largest  being  the  heat  carried  away  by  th( 
chimney  gases. 


EFFICIENCY 


U,b44-.8  B.T.U. 
ABSORBED  BY 
THE  WATER 


Fig.  3,131. — Evaporation  "jrom  and  a 
21^  Fahr",  illustrating  boiler  effi 
ciency  as  explained  in  the  text  above 
Complete  combustion  is  assumed . 


Example. — The  equivalent  stean 
consumption  (from  and  at  212°)  of  i 
certain  engine  of  100  i.h.p.  is  20  pound; 
per  horse  power  hour.  Anthracite  coa 
having  a  heating  value  of  14,800  B./.m 
per  pound  is  used.  Assuming  15^ 
passes  through  the  grate  as  ash  and  un- 
burned  coal,  how  much  coal  is  requirec 
per  hour  to  run  the  engine? 

Total  steam  reqtiired  to  run  th( 
engine  is 

20  X  100  =  2,000  pounds  per  hour 


I  LB.  OF  COAL  (1^.800  B.T.U) 

Since  15%  of  the  coal  passes  through  the  grate  the  percentage  available  for  combustion  u 

100%  -  15%  =  85% 
Since  the  heating  value  14,800 B./.m.  is  reduced  to 

14,800  X  .85  =  12,580 B.t.u.  per  pound  of  coal  fired 
and  the  theoretical  evaporation  (from  and  at  212°)  under  these  conditions  is 

12,580  -^  970.4  =  12.96  pounds  per  pound  of  coal  fired, 
the  amount  of  coal  required  to  run  the  engine  is 

2,000  H-  12.96  =  15.43  pounds  per  hour 

*NOTE. — The  weight  of  combustible  is  sometimes  used  instead  of  weight  of  coal.  The  term 
combustible  means  the  portion  of  the  fuel  that  is  burned — the  total  weight  of  coal  fired  less  that 
which  passes  through  the  grate.  Accordingly  efficiency  based  on  combustible  furnishes  an 
approximate  means  for  comparing  the  results  of  different  tests,  when  the  losses  of  unburned 
coal  due  to  grates,  cleaning,  etc.,  are  eliminated.  In  coal  analysis  combustible  is  defined  as 
the  fixed  carbon  and  volatile  matter,  the  moisture  and  ash  being  excluded.     By  some  writers  it  is 

^„ii J    ^^„r  J-...  „„J  r„„„  -f^^ ^»;.     1  1 —  „4.i >. 1 
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Combined  Efficiency. — In  any  system  comprising  several  elements,  as 
an  engine  and  boiler,  an  engine  connected  to  a  dynamo,  or  to  a  pump,  etc  , 
the  combined  efficiency  (sometimes  called  the  overall  efficiency)  is  the  factor 
which  includes  the  efficiency  of  each  element.  By  definition ,  the  combined 
efficiency  of  a  system  composed  of  several  elements  is  the  product  of  the 
efficiencies  of  each  element.  Thus  in  a  system  composed  of  two  elements, 
engine  and  boiler,  the  combined  efficiency  is  the  product  of  the  engine 
efficiency  multiplied  by  the  boiler  efficiency. 

Example. — In  a  certain  pumping  plant,  as  shown  in  fig.  3,132,  there  is  a  power  pump 
connected  by  belt  drive  to  an  engine.  If  the  efficiency  of  the  various  elements  be:  boiler  73%; 
engine :  thermal  15%,  mechanical  95  % ,  belt  drive  08  % ,  pump  95  % ,  what  is  the  combined  or  overall 
efficiency? 

I5lt  THERMAL 
95*).  MECHANICAL 


COMBINED  EFFICIENCY.  73X.13X.95X.98X.95=.097 

Fig.  3,132. — Diagram  of  simple  steam  plant  illustrating  combined  efficiency.     In  the  diagram 
73%  represents  the  efficiency  of  the  boiler,  includmg  the  pump. 

The  product  of  the  above  efficiencies  is  the  combined  efficiency,  that  is 

boiler    ^^ engine n      belt      pump 

.73    X   .15    X     95    X   .98   X   .95    =   .097  or  9.7% 

Example. — In  a  25  horse  power  110  volt  direct  connected  generator  set  the  mechanical 
efficiency  of  the  engine  is  .92  and  efficiency  of  dynamo  .9.  What  is  the  energy  and  current 
output  of  the  dynamo? 

As  \isually  rated  the  value  for  power  refers  to  the  engine  and  here  means  25  indicated  horse 
power. 

The  combined  efficiency  then  of  the  two  elements  is 

.92  X  .9  =  .83 
Hence  the  energy  output  of  the  dynamo  is 

25 X. 83  =  20. 8  horse  power     or 
.746X20.8=15.5  kw. 
The  current  output  is 

15.5X1.000^110=140.9  amperes. 

Net  or  Commercial  Efficiency.— If  the  entire  plant  be 
regarded  not  merely  from  the  standpoint  of  combined  efficiency 
of  the  power  system  but  also  takes  into  consideration  its  cost, 
depreciation,  maintenance,  etc.,  a.  true  idea  of  the  actual  cost  of 


1,632 


HOW  TO  SELECT  AN  ENGINE 


the  power  is  obtained.  A  factor  may  be  found  which  takes  into 
account  all  these  items  and  which  is  called  the  net  efficiency.  It 
must  be  evident  that  this  is  a  most  important  point,  for  upon  it, 
depends  the  actual  cost  of  the  power. 


^100 
o 

o 

u-  80 


o 

< 

o 

Cl 

tlJ 
<n 
m 
o 

X 


40 


20 


/Z__- 

•r\^^ 

^ — 

4f^ 

<^/ 

y       jy 

r/ 

^ 

s 

'        A 

/"  o^y 

4^* 

fV 

7 

/  y 

/  ^y 

yl       y 

/ 

, 

/V 

10 


20  30 

MEAN    PRESSURE 


40 


50 


Pig.  3,1^^3. — Mechanical  efficiency  curve.  In.  construction,  it  is  drawn  for  any  engine  by 
taking  the  value  brake  horse  potver  -i-indicated  horse  power  for  various  mean  effective  pressures 
and  setting  off  the  value  of  the  fraction  to  a  vertical  scale  of  percentage,  and  joining  the 
points  thus  found.  It  will  thus  be  evident  that,  so  far  as  the  mechanical  efficiency  is  con- 
cerned, an  engine  should  be  worked  up  to  its  full  load  to  obtain  the  maximum  efficiency. 
The  friction  of  an  engine  does,  no  doubt,  to  some  extent  increase  with  the  load,  but  the 
proportional  increase  is  so  small  as  practically  not  to  affect  the  result.  The  above  remarks 
assume  perfect  efficiency  of  lubrication.  Thurston  gives  the  following  values  for  the  relative 
distribution  of  the  friction  in  an  engine  with  a  balanced  slide-valve:  Main  bearings,  47  per 
cent.;  piston  and  rod,  32.9;  crank  pin  6.8;  cross  head  and  wrist  pin,  5.4;  valve  and  rod,  2.5; 
eccentric  strap,  5.3  per  cent.  The  frictional  resistance  of  engines  in  general  varies  from 
about  8  per  cent,  to  20  per  cent,  of  the  full  power. 


Example, — Two  types  of  power  plants  are  to  be  considered  for  a  certain 
proposed  installation.  Plant  A:  Cost  $1,000;  depreciation  and  main- 
tenance, 5%;  coal  per  horse  power  hour,  5  pounds.  Plant  B:  Cost  $5,000 
depreciation  and  maintenance,  8%;  coal,  per  horse  power  per  hour,  1.5 
pounds.  With  coal  at  $3.00  per  ton,  and  interest  at  6%  on  the  investment, 
which  plant  is  the  more  efficient  commercially  each  operating  10  hours  per 
day,  300  days  per  year? 
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Plant  A.    Coal  used  per  horse  power  per  year. 

5  X  10  X  300  =  15,000  pounds  or  7.5  tons. 

Cost  of  fuel  per  year  =  7.5  X  5  = 37 . 5 

Depreciation  and  maintenance,  1,000  X  .05 50 

Interest  on  the  investment,  1,000  X  .06 60 

Actual  cost  of  the  power  per  horse  power  year $147 . 5  (1) 

Plant  B.     Coal  used  per  horse  power  per  year, 

1.5  X  10  X  300  =  4,500  pounds  or  2.25  tons. 

Cost  of  fuel  per  year,  2.25  X  5  = 11 .25 

Depreciation  and  maintenance,  5,000  X  .08  = 400 

Interest  on  the  investment,  5,000  X  .06 300 

Actual  cost  of  the  power  per  horse  power  year $711 .  25  (2) 

Comparing  items  (1)  and  (2),  plant  A  is  711.25  -^  147.5  =  4.8  times  more 
efficient  commercially  than  plant  B.  That  is,  calling  the  net  efficiency  of 
plant  A,  100%,  then  the  net  efficiency  of  plant  B,  is  147.5  -^  711.25  =  .207, 
that  is,  20.7%  as  efficient  as  plant  A. 

Factors  Governing  Steam  Engine  Economy. — The  steam 
and  coal  economy  of  engines  is  an  important  point  in  determining 
the  relative  value  of  different  types  and  combinations  of  engines 
and  boilers. 

In  general,  cost  depreciation,  attendance,  repairs,  etc.,  increase 
with  the  economy,  that  is,  the  more  efficient  the  engine,  the  more 
costly  the  plant  and  maintenance.  Accordingly,  to  determine 
what  degree  of  economy  will  give  the  best  net  efficiency  for  a 
given  set  of  conditions  is  a  problem  requiring  considerable 
knowledge  and  experience;  this  is  quite  evident  from  the  example 
oimet  efficiency  given  on  page  1,632. 

The  factors  which  govern  the  economy  of  the  engine  itself, 
that  is,  its  steam  consumption,  may  be  classified  under  several 
groups,  as: 

1 .     With  respect  to  the  steam; 

a.  Initial  pressure. 

b.  Quality  of  the  steam. 
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£.     Degree  of  expansion. 

g.     Range  of  temperature. 

d.     Condensation. 

h.     Back  pressure. 

e.     Re-evaporation. 

i.      Compression. 

/,     Leakage. 

7.      Uni-flow  distribution. 

i 

2.     With  respect  to  construction 

> 

1 

a.     Cylinder  proportions. 

c.     Jackets. 

1 

b.     Clearance. 

d.     Joints. 

1 

3.     With  respect   to   the  method   of   expanding  the  steam; 
a.     Single  stage  expansion.  b.     Multi-stage  expansion. 

c.     Jacketted  transfer  expansion 
(see  fig.  1,263  author's  system.) 

•4.     With  respect  to  operation; 

a.  Piston  speed.  c.     Wire  drawing. 

b.  Rotative  speed.  d.     Variable  load. 

5.  With  respect  to  the  method  of  governing; 
-a.     Throttle.  b.     Cut  off. 

6.  With  respect  to  the  piping  auxiHary  apparatus; 
.a.  Main  steam  pipe.  d.     Reheaters. 
b.  >  Reducing  valves.  e.     Exhaust  pipe, 
•c.  Separators.                                          /.      Condenser. 

7; .     Altitude  (back  pressure) . 

,  All  the  items  tabulated  above  have  a  direct  effect  on  the  steam 
consumption  of  the  engine,  as  will  now  be  explained  in  the  order 
^iven.     .•   • 

1.  The  Steam 

•  Initial  Pressure. — It  has  been  carelessly  and  erroneously 
stated  by  most  writers  that  the  efficiency  varies  directly  with  the 
initial  pressviTe* 

*NOTE. — The  economical  effect  of  each  factor  depends  largely  upon  the  other  factors 
that  is,  any  one  factor  cannot  be  isolated  but  must  be  considered  together  with  all  the  other  con 
ditions  of  ot>eration. 
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The  falsity  of  this  statement  is  clearly  seen  in  figs.  3,141  and  3,142,  which 
show  that  the  effect  of  varying  the  pressure  depends  largely  upon  values 
given  to  the  other  factors. 

Accordingly  the  following  statement: 

The  effect  of  increasing  the  initial  pressure  is  to  increase  the 
economy  provided  that  proper  values  be  given  to  the  other 
factors. 

These  factors  are  numerous,  such  as,  quality  of  the  steam,  degree  of 


100 


Figs.  3,141  and  3,142.— Effect  of  varying  the  initial  pressure:  the  efficiency  does  not  always  vary 
directly  with  the  initial  pressure.  In  fig.  3,141,  assume  the  card  M,  represent  the  operation 
of  a  steam  pump  taking  steam  full  stroke  of  length  AB.  Suppose  the  pressure  be  doubled, 
the  work  done  and  amount  of  steam  used  will  both  be  approximately  doubled  with  no  gain 
in  economy.  Now,  considering  card  M,  if  the  stroke  be  extended  to  C,  and  the  steam  be 
expanded  from  B,  to  C,  the  work  done  will  be  increased  by  the  area  L,  which  will  increase 
the  economy.  Comparing  this  with  simply  increasing  the  pressure  without  expansion 
(cards  M  +  S)  it  is  evident  that  the  pressure  may  be  increased  with  no  increase  in  economy. 
Again  in  fig.  3,142,  if  the  pressure  be  doubled  and  the  steam  be  expanded  from  B,  to  some 
point  C.  such  as  will  give  an  additional  card  area  F,  greater  in  proportion  to  M  +  S,  than  L 
(fig.  3,141)  is  to  M,  the  efficiency  will  be  increased,  that  is,  increasing  the  initial  pressure  in 
connection  with  adequate  expansion  will  increase  the  economy.  It  should  be  noted,  however, 
the  full  theoretical  benefit  due  to  expansion  is  not  possible  in  practice,  because  of  influencing 
factors  such  as  condensation,  leakage,  clearance,  etc. 

expansion,  condensation,  terminal  pressure,  temperature  range,  number 
of  expansion  stages,  clearance,  piston  speed,  etc.  1 1 

Willans*  Law. — This  law  is  due  to  P.  W.  Willans,  an  English  builder  I  ^ 
of  a  special  type  of  single  actine:  high  speed  engine.    The  law  states  that  ifm  r 
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the  total  steam  consumption  of  a  throttling  engine  be  plotted  as  ordinates  on  a 
horse  power  or  mean  pressure  base,  the  result  is  an  oblique  straight  line^  as  in 
fig.  3,143;  it  is  accordingly  sometimes  called  the  straight  line  law. 

While  the  law  applies  especially  to  throttling  engines,  it  applies  approxi- 
mately to  Corliss,  and  probably  other  cut  off  engines  up  t<9  the  most 
economical  load. 

The  most  desirable  initial  pressure,  depends  on  the  kind  of  economy 
aimed  at  (whether  thermal,  combined,  or  commercial  economy)  and  can 
only  be  determined  by  carefully  considering  all  the  factors  entering  into 
each  individual  case. 


Fig.  3,143. — The  Willans'  straight  line  law  for  fixed  cut  off  variable  pressure  (throttling) 
engines.  If  the  total  steam  consumption  Oa,  0&,  Oc,  be  plotted  on  the  Y,  axis,  and  the  cor- 
responding absolute  mean  pressure  Oa';  Oh' ,  Oc',  ontheX  axis,  obtained  from  tests  with  various 
initial  pressures,  the  then  line  OMi  joining  the  intersections  of  the  ordinates  and  abscissae,  at 
hr,ft  will  be  a  straight  line. 


Quality  of  the  Steam. — The  quality  of  the  steam  supplied 
to  an  engine  is  an  important  consideration,  as  it  has  a  marked 
influence  on  the  economy.  The  steam  delivered  for  a  boiler 
may  be,  either: 
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1.  Wet. 

2.  S  atur- 
ated,  or, 

3.  Super- 
heated . 


While  the  intro- 
duction of  water 
in  the  steam  has 
according  to  ex- 
periment of  Car- 
penter and  Marks, 
no  practical 
influence  on  the 
dry  steam  con- 
sumption of  the 
engine,  it  never- 
theless represents 
so  much  energy 
removed  from  the 
boiler. 


Accordingly 
with  boilers  fur- 
nishing wet  steam , 
a  separator  should 
be  used. 


The  separator 
placed  as  near  the 
engine  as  possible, 
so  this  water  may 
be  recovered  and 
returned  to  the 
boiler  by  suitable 
means.* 


Fig.  3,144. — Quality  of  the  steam. — ^The  phenomenon  of  steam  escaping  from  a  boiler  illus- 
trates the  three  kinds  of  steam  supplied  to  engines:  1,  superheated  steam  is  used  with 
nigh  expansion  ratios  to  secure  great  economy  by  preventing  cylinder  condensation;  2, 
saturated  »f earn  is  the  kind  generally  used  where  moderate  degree  of  economy  is  sought; 
very  good  results  are  obtained  in  single  jacketted  cylinders  with  moderate  pressures  and  hiph 
degrees  of  expansion;  3,  wet  steam,  is  the  kind  to  be  avoided  except  in  special  cases  (fig .  3. 147) 
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Oues.     Under  what  conditions  is  the  use  of  saturated 
rsteam  permissible? 

Ans.     Saturated  steam  may  be  used  in  non-jacketted  cylinders 

with  a  moderate  degree  of 
expansion  or  in  jacketted 
cylinders  with  a  high  degree 
of  expansion. 

Fig.  3 ,148,— Throttling  calorimeter. 
It  consists  of  y^  inch  brass  pipe 
and  fittings  including  two  tees,  a 
pair  of  flanges,  an  orifice  plate 
between  the  flanges,  and  two  ther- 
mometer cups  containing  thermom- 
eters which  are  screwed  into  the  tees. 
The  whole  is  surrounded  by  suitable 
insulating  material  and  encased  in  a 
box.  In  testing,  the  percentage  of 
moisture  is  determined  by  observing 
the  number  of  degrees  of  cooling  that 
the  thermometer  in  the  low  pressure 
steam  shows  below  the  normal  read- 
ing for  dry  steam,  and  dividing  that 
number  by  the  constant  number  of 
degrees  representing  1  per  cent  of 
moisture.  To  determine  the  normal 
reading  of  the  low  pressure  thermom- 
eter corresponding  to  dry  steam,  the 
instrument  should  be  attached  to  a 
horizontal  steam  pipe  in  such  a  way 
that  the  sampling  nozzle  projects  up- 
ward to  near  the  top  of  the  pipe, 
there  being  no  perforations  and  the 
steam  entering  through  the  open  top 
of  the  nozzle.  The  test  should  be 
made  when  the  steam  in  the  pipe  is  in  a 
Kjuiescent  state,  and  when  the  steam  pressure  is  maintained  constantly  at  the  point  observed 
on  the  main  trial.  If  the  steam  pressure  fall  during  the  time  when  the  observations  are  being 
made,  the  test  should  be  continued  long  enough  to  obtain  the  effect  of  an  equivalent  rise  of 
pressure.  To  find  the  constant  for  1  per  cent  of  moisture,  divide  the  latent  heat  of  the  steam 
supplied  to  the  calorimeter  at  thg  observed  pressure  or  temperature  by  the  specific  heat  of  super- 
heated steam  at  atmospheric  pressure  (.46)  and  divide  the  quotient  by  100.  Finally  ascertain  the 
percentage  of  moisture  by  dividing  the  number  of  degrees  cf  cooling  by  the  constant,  as  above 
noted.  To  determine  the  quantity  of  steam  used  by  the  calorimeter  it  is  usually  sufficient  to 
calculate  the  quantity  from  the  area  of  the  orifice  and  the  absolute  pressure,  using  Napier's 
formula  for  the  number  of  lb.  which  passes  through  per  second;  that  is,  absolute-  pressure  in 
lb.  per  sq.  in.  divided  by  70  and  multiplied  by  the  area  of  orifice  in  sq.  m.  To  determine  the 
quantity  by  actual  test,  a  steam  hose  maybe  attached  to  the  outlet  of  the  calorimeter  and 
carried  to  a  barrel  of  water  on  platform  scales.  The  amount  of  steam  condensed  in  a  certain 
time  is  determined,  and  thereby  the  quantity  discharged  per  hour. 


NOTE. — In  testing  engines  for  economy,  it  is  important  to  determine  the  quality  of  the 
steam  as  to  the  amount  of  moisture  contained  in  it .  Without  such  a  test  no  proper  idea  can  be 
obtained  of  the  amount  of  steam  actually  used  by  the  engine,  to  produce  a  horse  power  per  hour, 
for  the  steam  may  contain  a  large  amount  of  ineffective  moisture  in  the  form  of  spray — even 
as.  much  in  weight,  in  an  extreme  case,  as  the  weight  of  the  steam  itself.  This  quantity  may  be 
determined  by  testing  with  a  calorimeter.  Calorimeters  may  now  be  bought  which  are  fairly 
reliable  if  used  according  to  instructions  which  go  with  them . 
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That  is,  with  unjacketted  cylinders  the  temperature  range  should  be 
moderate,  but  with  jacketted  cylinders  the  range  should  be  high,  the  con- 
trolling factor  being  condensation. 

Oues.    What  is  the  advantage  of  using  superheated 
steam? 

Ans-     It  reduces  or  prevents  condensation. 

Oues.    What  are  the  disadvantages? 

Ans-     Increased    difficulty    of    securing    proper    lubrication, 
highness  of  stuffing  boxes,  higher  first  cost  and  depreciation. 
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Fig.  3,149. — Economy  cun-es  for  various  sizes  of  grid  iron  valve  compound  condensing  engines, 
variable  load  with  saturated  and  superheated  steam.      Boiler  pressure,  165  pounds,  100° 

Fahr.  superheat. 


Oues.    What  is  the  saving  due  to  superheating? 

Ans.     According  to  Ripper,   the  condensation  at  cut-off  is 
reduced  1  per  cent  for  each  7.5  degrees  Fahrenheit  of  superheat.* 

Oues.    What  conditions  favor  superheat? 

Ans.     High  degree  of  expansion,  slow  speed,  constant  load, 
and  high  fuel  cost. 


Oues. 
steam? 


How  much   superheat   should  be  given  to  the 


*N0TE. — The  value  arrived  at  is  from  experiments  made  by  Ripper  on  a  small  Schmidt 
engine  cylinder.  The  figure  appUes  only  to  their  experiments,  and  they  will,  of  course,  be  subject 
to  some  modification  for  the  numexQua  types  of  engines  and  v&nohlQ  conditions  occurring  in 
practice. 
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Ans.  For  maxi- 
mum saving  pos- 
sible, the  degree  of 
superheating 
should  be  such 
that  the  steam  is 
exhausted  in  a 
saturated  state. 

Since  the  object  of 
superheating  the 
steam  is  to  reduce 
or  prevent  conden- 
sation, evidently  if 
the  superheating  be 
carried  so  far  as  to 
give  a  superheated 
exhaust  this  would 
represent  so  much 
loss. 

In  practice,  it  is 
very  seldom  that  the 
super-heating  is 
carried  to  the  extent 
of  giving  a  super- 
heated exhaust,  in 
fact  the  exhaust  is,  as 
a  rufe,  not  even  satur- 
ated but  wet. 


Degree  of  Ex- 
pansion.— Theo- 
retically ,  efficiency 
varies  directly  with 
the  ratio  ornumber 
of  expansions. 

Ihis  is  illustrated 
in  fig.  3,150.  For  ex- 
ample,  if  in  the 
figure     the      shaded 
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area  represent  the  work  done  during  admission  and  called  unity,  then  if 
the  steam  be  expanded  to 

2  4  6  8  10 

volumes ,  the  increase  in  work  done  will  be  respectively  equal  to  the  hypobolic 
logarithm  of  these  numbers  or 


.6931 


1.3863 


1.7918 


2.0794 


2.3026 


and  the  total  work  done  will  equal  unity  plus  these  values,  that  is  1  +  hyf>. 
log.  of  the  number  of  expansions,  hence  by  expanding  the  steam  the  work  is 
increased  .6931, 1.3863,  etc.,  fold. 


CLEARANCE 


VERY  LARGE 
CLEARANCE 


Figs.  3,151  and3,152.-^Good  and  poor  valve  arrangements  for  high  degree  of  expansion  in  one 
cylinder.  With  the  very  small  clearance  in  fig.  3,151,  a  very  short  cut  off  may  be  employed 
to  advantage,  but  with  the  arrangement  shown  in  fig.  3,152,  the  saving  due  to  very  short 
cut  off  is  largely  offset  by  the  effect  of  the  excessive  clearance  which  is  an  inherent  defect  of 
the  Meyer  cut  off  gear. 


Ques.    Is  this  proportion  of  gain  obtained  in  practice? 

Ans.     No. 
Ques.    Why? 

Ans.  Because  of  influencing  factors,  such  as  the  quality  of 
the  steam,  condensation ^  leakage,  clearance,  action  of  the  valve 
gear,  etc. 
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Oues.  How  many  expansions  ordinarily  desirable  in 
single  cylinder  non-jacketted  stationary  engines? 

Ans.  From  three  to  five  non-condensing  and  from  five  to 
seven  condensing. 

Oues.  How  many  expansions  are  desirable  in  single 
cylinder  jacketted  engines? 

Ans.  From  five  to  seven  non-condensing,  and  from  seven  to 
ten  condensing,  depending  on  the  type  of  valves  and  valve  gear 
used,  especially  with  reference  to  clearance  and  the  action  of 
the  gear. 

Condensation  and  Re-evaporation. — In  the  operation  of 
a  steam  engine  the  walls  are  alternately  heated  and  cooled  during 
each  revolution,  because  of  the  variable  temperatures  of  the 
steam  in  passing  through  the  cylinder.  Since  these  changes 
occur  so  rapidly  it  is  not  possible  for  the  metal  of  the  containing 
surface  (consisting  of  cylinder  walls,  heads,  steam  passages  and 
piston)  to  change  its  temperature  in  like  manner. 

What  happens  is  this:  the  metal  is  heated  to  some  intermediate 
temperature- — less  than  that  of  the  incoming  steam  and  greater 
than  that  of  the  outgoing  steam . 

The  result  is  that  steam,  admitted  at  high  pressure  and  correspondingly- 
high  temperature,  meets  the  relatively  cold  metal  and  part  of  it  condenses, 
this  condensation  continues  until  some  point  during  expansion  is  reached 
where  the  temperature  of  the  steam  (because  of  the  decrease  in  pressure) 
is  reduced  to  that  of  the  cylinder  metal. 

A  further  reduction  in  pressure  (due  to  continued  expansion  and  drop) 
causes  the  temperature  of  the  steam  to  become  less  than  that  of  the  metal, 
accordingly  part  of  the  condensate  is  re-evaporated. 

While  this  re-evaporation  effects  a  small  gain  by  elevating  the  expansion 
line,  it  is  more  than  offset  by  the  heat  taken  from  the  metal,  that  is,  the 
resultant  effect  is  a  loss.*  In  other  words,  the  reduction  in  temperature  of 
the  metal  due  to  evaporation  causes  more  loss  by  condensation  than  is 
gained  by  the  elevation  of  the  expansion  line  on  the  indicator  card . 


*NOTE. — The  term  /o««  hy  re-evaporatton  is  used  so  frequently  by  writers,  that  no  doubt, 
a  wrong  irnpression  is  conveyed  to  most  readers.  It  should  be  distinctly  understood  that 
re-evaporation  causes  a  gain  by  increasing  the  area  of  the  indicator  cord;  it  is  the  cost  oj  obtaining 
this  gain  {i.e.,  robbing  the  cylinder  metal  of  heat)  that  offsets  this  gain  by  a  greater  loss. 
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Ques.    Ordinarily  how  much  condensation  occurs  in 
single  unjacketted  cylinders  using  saturated  steam? 

Ans.     From  10  to  60  per  cent. 

The  following  table  is  from  the  catalogue  of  the  Buckeye  Engine  Co., 
builders  of  "automatic"  cut  off  engines  with  riding  cut  off  and  special  valve 
gear.  The  table  is  based  on  an  initial  pressure  of  80  lbs.  and  different  points 
of  cut  off  with  Buckeye  Engines  and  others  having  similar  clearance: 

Water  Consumption  and  Condensation  Loss  at  Various  Cut  Offs 


- 

Indicated 

Assumed  Rate 

Cutoff 

Absolute 

Rate 

Lbs.  of 

Product 

in 

of 

%of 

M.E.P. 

terminal 

water 

columns 

stroke  ^ 

pressure 

perl.H.P. 

Actual 

%Loss 

land  6 

per  hour 

rate 

.1 

18 

11 

20 

32 

58 

5.8    . 

.15 

27 

15 

19 

27 

41 

6.15 

•     .2 

35 

20 

19 

25 

31.5    - 

6.3 

.25 

42 

25 

20 

25 

25 

6.25 

.3 

48 

30 

20 

24 

21.8 

6.54 

.35 

53 

35 

21 

25 

19 

6.65 

A 

57 

38 

22 

26 

16.7 

6.68 

.45 

61 

43 

23 

27 

15 

6.75 

.5 

64 

48 

24 

27 

13.6 

6.8 

It  appears  from  the  table  that  while  the  best  indicated  economy  is  when 
the  cut  off  is  from  15  to  20%  of  the  stroke,  the  most  economical  cut  off, 
considering  the  un-indicated  loss,  is  at  30%  of  the  stroke.  The  last  column 
shov/s  that  the  actual  amount  of  cylinder  condensation  is  practically  a 
constant  percentage  of  the  cylinder  volume  up  to  the  point  of  cut  off, 
.increasing  only  for  5.8%  at  1-10  cut  off  to  6.8%  at  J^  cut  off. 


NOTE, — ^As  expressed  by  Ranldne:  "Conduction  of  heat  to  and  from  the  metal  of  the 
cylinder,  or  to  and  from  liquid  water  contained  in  the  cylinder,  has  the  effect  of  lowering  the 
pressure  at  the  beginning  and  raising  it  at  the  end  of  the  stroke,  the  lowering  effect  being  on 
the  whole  greater  than  the  raising  effect.  In  some  experiments  the  quality  of  steam  wasted 
through  alternately  liquefaction  and  evaporation  in  the  cylinder  has  been  found  to  be  greater 
than  the  quantity  which  performed  the  work." 
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Temperature  Range. — When  the  temperature  of  the  steam  is 
greater  or  less  than  that  of  the  cylinder,  a  transfer  of  heat  takes  place 
respectively  from  or  to  the  steam. 

Experiments  show  that  this  transfer  takes  pl^ce  at  the  rate  of  20  to  25 
B.t.u.  per  square  foot  of  the  cylinder  metal  per  degree  of  temperature  difference 
per  minute. 

Accordingly  the  greater  the  temperature  difference,  the  greater  the  losses  due  to 
condensation  and  indirectly  to  re-evaporation ,  and  due  to  these  effects  steam 
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Fig.  3,154. — Diagram  showing  relation  between  cut  off  and  percentage  of  initial  condensation. 
It  has  been  found  by  experiment  that  heat  transfer  takes  place  to  and  from  the  cylinder 
walls  at  the  rate  of  from  20  to  2b B.t.u.  per  square  foot  per  degree  difference  of  temperature 
per  minute  {Marks.)  Since  most  of  the  condensation  occurs  during  admission  the  quality  of 
the  steam  at  cut  off  is  a  measure  of  the  economy.  This  may  be  ascertained  by  comparison  of 
the  indicator  diagram  with  the  experimentally  determined  steam  consumption.  The  quality 
of  the  steam  at  cut  off  and  economy  are  directly  influenced  by  the  size  of  the  cylinder,  speed, 
and  number  of  expansions. 

can  be  expanded  only  to  a  limited  degree  in  a  single  cylinder  without  in- 
curring losses  that  more  than  offset  the  gain  due  to  expansion. 

Cylinder  condensation  depends  directly  on  the  mean  temperature  of  the 
cylinder  metal;  this  in  turn  depends  on: 


1. 
2. 


Temperature  range,  and 
Cut  off. 
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It  must  be  evident 
that  for  a  given  tem- 
perature range  then 
the  mean  temperature 
of  the  cylinder  metal 
may  vary  largely,  thus 
affecting  the  conden- 
sation correspondingly . 


For  instance,  if 
steam     were     admitted 
full  stroke  the  metal 
would    be    heated   by 
steam  at  high  tempera- 
ture during  the  enter- 
ing   stroke    and    only 
exposed    to    steam   of 
g^xiao^^jS^    low  temperature  dur- 
^§«'S'§^8^f    ing  the  exhaust  stroke ; 
^  R-c+^-d-S  "  M  g    under  these  conditions 
the  mean  temperature 
of  the  metal  would  be 
high. 
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Again,  if  cut  off  he 
early,  the  metal  would 
be  heated  by  steam  at 
high  temperature  only 
a  portion  of  the  stroke, 
and  would  be  cooled 
by  steam  of  low  tem- 
perature during  the 
rest  of  the  stroke  and 
during  exhaust,  result- 
ing in  a  relatively  low 
temperature  of  the 
metal. 


It  should  also  be 
noted  that  the  mean 
temperature  of  the 
metal  may  remain  con- 
stant for  various  tem- 
perature ranges,  in 
which      case     the 
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Back  Pressure. — This  is  the  pressure  which  acts  on  the  advanc- 
ing face  of  the  piston  and  opposes  its  motion. 

In  the  operation  of  a  non- condensing  or  condensing  engine  the  back 
pressure  is  normally  higher  than  the  atmospheric,  or  condenser  pressure 
respectively.  This  difference  of  pressure  is  due  to  frictional  resistance  which 
the  steam  encounters  in  the  exhaust  pipe  and  passages.  It  is  in  practice 
nearly  always  too  great  due  to  false  economy  in  the  use  of  exhaust  pipes 
too  small,  together  with  a  multiplicity  Of  close  elbows  instead  of  a  m,ini' 
mum  number  of  easy  bends. 

In  no  case  should  the  exhaust  pipe  be  smaller  than  will  discharge 
tJte  steam  at  a  velocity  of  not  over  4,000  feet  per  minute, 

SPRING  80 

REVS.         —   100 
STEAM       —  120 
CUT-OFF  —   15" 
EXHAUST—   TO  ESCAPE. 
I.  H.R  —   390.3 


SPRING  80 


REVS. 


96 


STEAM  —  115 
CUT-OFF  —  15" 
EXHAUST—    TO  STACK 


I.  H.  P. 


321 


Figs.  3,159  and  3,160. — 'Two  diagrams  from  a  non-condensing  steam  lighter  engine  showing  ex- 
cessive back  pressure  due  to  poorly  designed  exhaust  line.  Fig.  3,159.  exhaust  to  atmosphere; 
fig.  3,160  exhaust  to  stack.  The  excess  backpressures  above  the  atmosphere  are  for  the  two 
cases,  5  and  10  pounds  respectively.  There  is  no  excuse  for  such  perjcrmance,  and  radical 
changes  should  be  made  in  the  exhaust  line  where  any  such  cards  are  obtained.  The  cards 
are  a  striking  example  of  very  bad  practice.  No  doubt  the  exhaust  pipe  was  too  small  and 
possibly  there  was  insufficient  exhaust  port  opening  in  the  engines.  Added  to  this,  a  few 
close  elbows,  a  three  way  cock  with  less  than  full  opening  and  the  excess  pressure  required  for 
the  blast  in  the  stack,  account  for  the  high  back  pressure,  however,  the  coal  wasted  because 
of  such  conditions  is  not  usually  considered. 


It  is  not  always  the  fault  of  the  exhaust  pipe  but  the  engine  may  be  badly 
proportioned  and  it  should  be  ascertained  that  the  steam  and  exhaust 
passages  forming  a  part  of  the  cylinder  have  been  properly  proportioned, 
especially  in  single  valve  engines  where  the  steam  is  admitted  and  exhausted 
through  the  same  passage.* 
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Compression. — The  reasons  for  compression  are: 
1 .     To  furnish  a  cushion  of  gradually  increasing  resistance  in 
order  to  bring  the  moving  parts  to  rest  and  change  the  direction 


Fig.  3,161. — ^An  arrangement  of  exhaust  piping  which  was  expected  to  give  a  24  inch  vacuum, 
but  didn't.  The  results  obtained  in  this  particular  case  was  12  to  15  inches.  The  only  reason 
for  this  arrangement  were  convenience,  and  ignorance  of  conditions  affecting  back  pressure. 


WATER    LINE 


CONDENSER  CANNOT  DRAIN                               ^r^^^r. 
POSITION  FULL  SPEED 
POSITIpN  AT  REST  /       ,_ "l 


CONDENSER  TUBES 


RETURN  PIPE, 


Fig.  3,162. — ^Another  arrangement  of  exhaust  piping  which  was  expected  to  give  a  24  inch 
vacuum,  but  didn't.  MS,  is  a  keel  condenser  on  a  small  boat;  it  was  attached  to  the  hull 
in  a  horizontal  position,  that  is,  parallel  to  the  water  line  with  the  idea  that,  in  this  position, 
it  would  offer  least  resistance  to  the  motion  of  the  boat.  When  the  boat  was  running  full 
speed,  the  stem  settled  so  that  the  condenser  became  inclined  to  some  position  as  LF.  Since 
the  "return"  to  air  pump  was  at  the  forward  end,  the  condenser  wotdd  not  drain,  hence 
there  was  little  or  no  vacuum.  Satisfactory  -esults  were  not  obtained  until  the  condenser  was 
pitched  downward  as  represented  by  the  dotted  line  MS'. 


*NOTE. — ^The  importance  of  this  must  be  apparent  when  it  is  considered  that  some  engines 
operate  with  mean  effective  pressures  as  low  as  20  pounds.  In  such  case,  if  the  back  pressure 
be  unnecessarily  elevated  1  pound,  the  loss  is  1-20  or  5%.  Figure  5%  of  the  cost  of  coal  per, 
year,  or  1  %  for  that  matter,  and  the  result  will  illustrate  how  important  it  is  to  reduce  the 
back  pressure  to  a  minimum  by  a  direct  and  correctly  proportioned  exhaust  line. 
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Pws.  3,163  to  3.165. — Diagrams,  illustrating  economic  effect  of  compression  Case  t. — Compressing  to  initial  fireuuri 
when  the  expansion  is  continuous  (i.  e.,  no  drop)  In  fig.  3.163,  the  work  of  compression  measured  by  the  shaded  area  M , 
is  equal  to  the  work  of  expansion  of  the  clearance  steam  measured  by  the  same  shaded  area  M ,  thus  the  work  and  efficiency 
of  the  steam  used  in  the  cylinder  is  the  same  as  if  there  were  no  compression  and  no  clearance  Case  tl.-~-Compressing4o 
initial  pressure  when  there  is  drop.  In  fig.  3,165.  let  the  terminal  pressure  om.  drop  to  oh  Evidently  in  this  case,  the 
positive  work  of  the  clearance  steam  is  measured  by  the  shaded  area  M ,  and  the  resistance  of  the  work  of  compression  for 
clearance  steam  by  the  more  extensive  area  M  +  S.  the  solid  black  area  S ,  being  the  excess  of  resistance  over  positive  work 
due  to  clearance.  Hence,  when  ikere  is  drop,  the  work  of  compressing  to  initial  pressure  is  so  great  that  the  net  efficiency 
of  the  steam  is  reduced  by  it.  Caae  til. — Compressing  to  le»a  than  initial  pressure  when  there  is  drop  (case  of  greatest 
efficiency)  The  principle  on  which  the  period  of  compression  is  to  be  fixed  fbtt  ensuring  the  greatest  efficiency  of  the 
whole  steam  consumed  is  based  on  the  fact  that  the  quantity  of  work  required  to  compress  the  exhaust  steam  increases  in 
a  greater  ratio,  than  the  quantity  of  steam  saved  by  compression;  that  is,  for  equal  increments  of  steam  saved,  the  correspond- 
ing increments  of  work  expended  increase  continualiy.  In  other  words  it  is  useless  and  wasteful  of  work  to  save  a  greater 
quantity  of  steam  by 'comuression  than  that  of  which  each  increment  severally  will  yield  at  least  as  much  useful  work  done 
on  the  piston  as  is  expended  in  compressing  it  To  demonstrate,  let  piston  area  be  1  sq.  in.;  stroke.  6  ft.;  clearance,  7%; 
mitial  pressure.  63  lbs.;  cut  off  2  ft  By  simple  calculation  for  these  conditions,  the  ratio  of  the  numerical  values  for  the 
quantity  of  steam  expended  to  the  net  work  done  unthout  compression  is  found  to  be  (1  :.928)  This  proportion  is  the  standard 
ratio  with  which  that  of  the  corresponding  values  for  compressed  steam  is  to  be  compared,  under  the  given  conditions 
In  fig.  3.163  let  the  exhaust  be  closed  progressively  earlier  so  that  steam  may  be  compressed  to  pressures  indicated  by  the 
elevations  l.a.r  and/;  being  equal  increments  of  pressure .  Now  since  the  portion  of  the  resisting  area  below  the  line  GH , 
remains  unchanged  whether  there  be  compression  or  not,the^only  portions  of  the  works  of  compression  that  need  be 
brought  mto  calculation  in  the  present  argument  are  the  extra  portions — the  triangular  sections  lying  above  the  exhaust 
line  namely,  mno.  pqo,  rso  tuo:  Now,  the  successive  differences  of  theie  areas,  or  increments  of  work  areas,  repre- 
sent the  increase  of  works  required  to  produce  the  successive  equal  increments  of  pressure  in  the  clearance  space,  these  successive 
differences  or  increments  of  work  areas  being  projected  and  shown  separately  for  clearness  by  the  shaded  and  solid  black 
areas  L.A.R.F  Bm  calculation,  the  ratio  of  the  steam  expended  and  the  net  work  done  during  the  stroke  are:  lor  L.  1  to  175; 
fpr  A  1  to  495;  for  R,  1  to  701  for  F,  1  to  .896,  and  as  previously  obtained  without  compression  (1  to  ^28) 
At  length,  it  appears  that  for  each  increment  reclaimed,  the  increment  of  compressive  work  as  (L.  A.;R  or  F),  even  the 
last  and  greatest  increment  F.  is  less  comparatively  than  the  corresponding  increment  of  net  work  done  by  the  steam  on 
the  piston  (as  /,  a^  r,  or  /)  which  in  the  case  of  F,  and  f ,  is  in  the  ratio  .896  to  .928.  From  this  it  would  appear  that  the 
exhaust  steam  might  with  economic  advantage  be  compressed  in  the  clearance  space  to  initial  pressure."  Not  so,  for  by 
aividing  Hf ,  into  more  minute  increments,  say  10,  it  is  found  that  by  compressing  to  about  .85  of  Hf ,  the  highest  efficiency 
a  obtained  under  the  conditions  assumed.  The  calculations  for  the  above  figures  are  to  be  found  in  "Th^Sttam  Engine,'* 
by'  D .  K  Claris  (Part  4 ,  pages  390  to  399)  being  presented  m  great  detail . , 
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of  the  force  acting  upon  them  without  the  shock  which  would 
follow  upon  the  sudden  opening  of  the  valve. 

2.     To  improve  the  economy  by  filling  the  clearance  space 
with  steam  that  otherwise  would  be  wasted. 

By  closing  the  exhaust  before  the  end  of  the  stroke  a  portion  of  the  exhaust 
steam  is  compressed  into  the  clearance  space,  thus  this  steam  is  utilized 
in  filling  the  clearance  space  instead  of  taking  a  supply  from  the  boiler. 

If  the  expansion  be  continuous,  that  is,  expanding  down  to  the  back 
pressure,  and  if  compression  begin  early  enough  to  compress  to  initial 
pressure,  then  the  work  of  compression  will  equal  the  work  of  expansion, 
and  no  live  steam  will  be  required  to  fill  the  clearance  space,  hence  the  work 
and  efficiency  of  the  steam  used  in  the  cylinders  is  the  same  as  if  there  were 
no  compression  and  no  clearance. 

//  there  be  drop,  the  work  of  compression  to  the  initial  pressure  is 
greater  than  the  work  done  by  expansion  of  the  clearance  steam,  resulting 
m  a  loss.  In  such  case,  the  loss  may  be  avoided  by  a  later  closing  of  the 
exhaust  valve  compressing  the  steam  to  less  than  initial  pressure. 

The  general  opinion  prevails  that  the  greatest  saving  due  to  compression 
is  obtained  by  compressing  to  initial  pressure  whether  there  be  drop  or  no 
drop,  however,  in  all  cases  the  best  results  are  obtained  by  compressing  to 
a  pressure  less  than  the  initial  pressure,  as  illustrated  in  figs.  3,163  to 
3,165.* 

In  practice,  re-evaporation  during  the  first  part  of  compression  will  have 
considerable  influence  upon  compression,  raising  the  pressure  at  various 
points  above  normal. f 

In  engines  not  having  independently  driven  exhaust  valves,  and  varying 
the  cut  off  by  the  method  of  combined  variable  angular  advance  and 
variable  throw,  the  compression  is  increased  as  the  cut  off  is  shortened, 
moreover,  the  exhaust  becomes  cramped  due  to  the  decreasing  travel  of 
the  valve. 


*NOTE. — D.  K.  Clark  (Steam  Engine,  pa^es  390  to  399)  treats  this  problem  in  great  detail 
and  should  be  read  by  all  interested  in  the  subject. 

t  NOTE.— According  to  Professor  Peabody  "the  only  valid  objection  to  Him's  analysis 
is  directed  against  the  assumption  of  dry  steam  at  compression,"  and  this  is  a  very  good  objec- 
tion for  it  is  not  reasonable  to  assume,  for  an  engine  supplied  with  saturated  steam  and  running 
with  a  reasonable  degree  of  expansion,  that  the  steam  will  be  dry  when  the  exhaust  valve  closes. 
In  fact  Professor  Carpenter  says  {Trans  A,  S.  M.  E.  vol.  xii,  p.  811)  that  the  steam  exhausted 
from  the  h .p .  cylinder  of  a  compound  engine  showed  12  to  14  %  of  moisture.  It  must  be  evident, 
that  since  the  condensation  increases  as  the  cut  off  is  shortened,  the  greater  will  be  the  amount 
of  condensate  subject  to  re-evaporation,  and  if  sufficiently  great,  re-evaporation  will  continue 
after  the  exhaust  valve  closes  and  until  the  temperature  of  the  mixture  has  reached  that  of  the 
cylinder  walls. 
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The  excess  compression  and  back  pressure  thus  produced  at  early  cut  off, 
offsets  somewhat,  the  economy  which  otherwise  would  be  obtained. 


2.  Engine  Construction 

Cylinder  Proportion. — The  dimensions  to  be  considered 
here  are  chiefly  the  stroke  and  diameter,  especially  the  ratio 
between  the  two. 


-SMALL  SURFACE  AREA  TO  CUT  OFF 


SHORT  STROKE 


Figs.  3,166  and  3,167.— Cylinder  proportion;  diagram  showing  relation  between  displacement 
and  internal  surface.  Fig.  3,166,  long  stroke;  fig.  3,167,  short  stroke.  With  the  proportions 
given  above  it  can  be  shown  mathematically  that  if  cut  off  take  place  at  34  stroke  in  each 
'cylinder,  the  actual  surface  of  the  cylinder  enclosing  the  steam  up  to  cut  off  is  5.56  square 
feet  in  the  long  stroke  engine,  and  75%  more  in  the  short  stroke  engine.  Accordingly,  if 
in  a  non-jacketted  cylinder  condensation  be  directly  proportional  to  surface,  the  condensa- 
tion in  the  short  stroke  engine  will  be  75  %  greater  than  in  the  long  stroke  engine  when  cut  off 
takes  place  at  }4  stroke  in  each  cylinder.  It  should  be  noted  that  as  the  cut  off  is  made  later 
the  respective  surface  areas  become  more  and  more  nearly  equal,  and  if  steam  be  admitted 
full  stroke  the  surface  is  7  %  greater  in  the  long  stroke  cylinder.  Thus,  the  loss  by  condensa- 
tion in  the  two  cylinders  would  be  more  nearly  equal  as  the  cut  off  is  lengthened. 
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While  the  economic  effect  is  considerably  influenced  by  the 
ratio,  there  are  mechanical  conditions  which  have  to  be  con- 
sidered in  determining 'what  ratio  to  use. 

With  respect  to  the  ratio  (stroke  to  diameter),  engines  are 
divided  into  three  classes: 

1.  Short  stroke,  or  high  speed.* 

2.  Medium  stroke,  or  medium  speed. 

3.  Long  stroke,  or  low  speed. 

Thus,  for  a  direct  connected  set,  requiring  to  be  run  at  high  speed,  such 
as  an  engine  coupled  to  a  dynamo,  or  centrifugal  pump,  a  short  stroke 
engine  would  be  used.  When  a  more  moderate  speed  is  permissible,  a 
medium  stroke  engine  would  be  used. 

Because  of  the  limitations  of  releasing  valve  gears,^  the  revolutions  per 
minute  must  be  relatively  low,  hence  engines  with  si3ch. gears  have  long 

strokes. 

With  respect  to  the  loss  by  condensation  in  non- jacket  ted  cyclinder,  the 
,shorter  the  stroke  in  proportion  to  the  diameter  the  greater  the  efficiency. 

Other  conditions  tending. to  offset  this  are:  1,  greater  clearance;  2, 
greater  length  of  piston  circumference  past  which  leakage  is  liable  to 
occur. 

Steam  Jackets. — There  has  been  much  unnecessary  discussion 
and  difference  of  opinion  in  regard  to  the  economic  value  of 
steam  jackets. 

An  opinion  of  the  absolute  value  of  steam  jacketting  should  not 
be  formed  by  considering  only  a  single  set  of  tests  on  the  benefit 
3f  jacketing,  as  often  influencing  factors  are  present  which  offset 
more  or  less  the  saving  that  would  otherwise  be  possible. 


*NOTE. — Speed  here  means  rotary  speed  or  r.p.m.  and  not  piston  speed,  in  fact  in  some 
;ases  the  piston  speed  of  a  low  speed  engine  may  be  higher  than  that  of  a  high  speed  engine, 
rhe  English  term  for  high  speed  is  quick  revolution  and  this  is  more  explicit  than  the  American 
expression. 
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Thus,  though  Donkin  obtained  a  saving  of  40%  by  jacketting,  the  Engine 
had  a  riding  cut  off  valve,  the  considerable  clearance  of  which,  taken  in 
connection  with  the  short  cut  off  diminished  the  saving  otherwise  possible. 


The  object  of  jacketting  being  to  prevent  condensation y  it 
must  be  evident  that  the  chief  favorable  condition  is  a  high  degree 
of  expansion  in  the  cylinder. 

To  secure  full  benefit  of  a  jacket,  thorough  drainage  and  avoidance  of  air 
pockets  is  important. 


f*it''Vrrri      •< •n't    k*.* 
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Pigs.  3,168  to  3,170. — ^Three  degrees  of  cylinder  jacketting.  i;  fig.  3,168,  cylinder  only 
jacketted;  2,  fig.  3,169,  cylinder  and  heads  jacketted;  $,  fig.  3,170,  cylinder,  heads  and 
piston  jacketted,  this  arrangement  being  called  SvU  jacketted. 


The  jacket  condensate  should  be  returned  to  the  bc^er,  thus  saving  the 
heat  it  contains. 

The  aim  of  jacketting  being  the  same  as  superheating,  the  two  should  not 
be  used  together,  that  is,  jackets  shovild  be  employed  with  saturated  steam 
only. 

The  efficiency  may  be  increased  by  using  a  higher  steam  pressure  ir 
the  jacket  than  in  the  cylinder,  when  the  heating  surface  is  not  enough  tc 

r»V»f^iia  Rflt.iir«t.pH  sfp^m  diirino'  PxhaiiRt. 
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Jacketting  may  be  partial  or  complete,  as  shown  in  figs.  3,168  to  3,170 
that  is,  jackets  may  be  provided  for:  1,  cylinder  alone;  2,  cylinder  and 
heads,  or;  3,  cylinder,  heads,  and  piston,  the  latter  case  being  called 
"full  jacketted." 

Ques.  Is  jacketting  more  efificient  on  a  short  or  long 
stroke  engine? 

Ans.     The  efficiency  is  greater  with  a  long  stroke. 

Ques.     Why? 

Ans.  Because  the  ratio  of  the  jacketted  surfaces  to  the 
cylinder  volume  is  greater.* 

Joints. — This  term  is  used  to  indicate  various  constructions 
designed  to  prevent  leakage  of  steam.  There  are  two  general 
classes: 

1.  Stationary  joints. 

2.  Sliding  contact  joints. 

Stationary  Joints  are  those  provided  for  the  cylinder  heads,  valve 
chest  covers,  etc.,  made  tight  usually  by  gaskets  and  in  some  cases  by  metal 
to  metal  contact  ground  surfaces. 

An  important  point  in  respect  to  such  joints  is  that  there  be  a  sufficient 
number  of  bolts  to  maintain  them  tight,  otherwise  there  is  constant  loss 
by  leakage. 

In  a  well  designed  engine,  the  bolts  should  be  so  proportioned  that  the 
maximum  stress  on  each  bolt  (figured  to  bottom  of  thread)  should  not  ex- 
ceed 5,000  pounds  per  square  inch  of  cross  section. 

Sliding  Contact  Joints  comprise  the  contact  surfaces:  1,  between  valve 
and  seat;  2,  between  piston  rim  and  cylinder  barrel;  3,  between  valve,  stem, 
piston  rod,  and  the  stuffing  boxes. 

In  each  case  it  must  be  evident  that  the  part  should  be  of  proper  design 
to  prevent  leakage,  as  numerous  small  losses  possible  at  the  joints,  would  in 
the  aggregate,  considerably  increase  the  steam  consumption,  thus  impairing  ' 
the  efficiency. 


♦NOTE.— With  non- jacketted  cylinders,  the  earlier  the  cut  off,  the  more  efficient  the 
long  stroke  engine  in  regard  to  condensation,  because  comparing  short  and  long  stroke  engines 
of  equal  cylinder  volumes,  when  steam  is  cut  off  short,  it  is  during  admission  subjected  to  less 
metal  surface.  As  the  cut  off  is  lengthened  the  metal  surface  volume  ratio  for  short  and  long 
stroke  engines  becomes  nearer  equal  (being  greater  in  the  long  stroke  cylinder  when  steam  is 
admitted  to  end  of  stroke)  which  indicates  that  late  cut  offs  are  more  desirable  for  short 
stroke  engines. 
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Uni-iHow  Engines. — The  introduction  of  a  separate  exhaust 
port  remote  from  the  admission  port,  is  the  means  employed  in 
this  engine  to  increase  the  economy.*  • 
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Fig.  3,171. — Steam  consumption  curve  of  Stumpf  uni-flow  engine  non-condensing  using 
saturated  steam. 
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Fig.  3,172. — Steam  consumption  curve  of  Stumpf  uni-flow  engine  condensing  using  saturated 
steam. 


In  general ,  the  efficiency  of  non-condensing ,  non- jacketted  uni-flow  engines 
is  about  equal  to  that  of  the  best  compounds. 

A  difficulty  inherent  in  the  working  principle  of  uni-flow  engines  is  com- 
pression. Because  of  the  early  closing  of  the  exhaust  ports  various  ex- 
pedients are  employed  to  prevent  excessive  compression,  especially  when 
operating  non-condensing.  Because  of  the  early  compression,  the  engine  is 
best  suited  for  condensing  operation. 


*NOTE. — The  uni-flow  engine  is  treated  at  considerable  length  in  a  separate  chapter. 
See  pages  591  to  601. 

NOTE. — Saturated  steam  consumption  of  19.49  lbs.  is  claimed  by  the  manufacturer  for 
a  Skinner  15  X16  uni-flow  engine  non-condensing,  operating  at  half  load,  steam  pressure  127  lbs. 
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3.  Method  of  Expanding 
the  Steam 

Single  and  Multi-Stage  Expansion. — Where  the  degree  of 
economy  aimed  at  is  higher  than  that  obtainable  with  4  or  5 
expansions  non-condensing,  or  6  to  8,  condensing,  the  expansions 
should  be  divided  into  two  or  more  stages  by  means  of  additional 
cylinders,  thus  dividing  the  temperature  range  so  that  it  will  not 
be  excessive  in  any  one  cylinder. 


1  35 

\    \ 

\    \ 

CL 

\    \ 

\    \ 

\    \ 

ct   30 

ii-i 

\ 

V 

\ 

\, 

CL 

^ 

v^. 

S 

\  \ 

< 

\  ^ 

V 

N 

V 

^    ^ 

..„,_^^ 

\t^f 

^^.^--^ 

> 

^--, 

,„/"'"~'"~^ 

200H 

P.     E^ 

^^^...^-^  ' 

^''^--- 



,— - — -^ 

o 

Cr,{\C\      H 

p   EVA( 

,\we 

u^    20 

-J 

t5 


\00 


»Z5 


50  75 

PER  CENT  RATED  LOAD 
Fig,  3,173. — Economy  curves  for  various  sizes  of  simple  non-condensing  four  valve  engine, 
variable  load,  130  pounds  boiler  pressure. 

By  this  means  condensation  is  greatly  reduced.  The  saving  that  may  be 
expected  by  the  use  of  multi-stage  expansion,  condensing  or  non- condensing, 
as  compared  with  single  stage  expansion,  under  like  conditions,  may  be 
roughly  stated  as  from  10  to  50%,  varying  with  conditions,  management, 
etc.,  so  that  even  though  the  first  cost  of  the  plant  will  of  necessity  be 
considerably  more  per  horse  power,  the  larger  investment  is  generally 
justified. 

To  determine  with  precision  whether  such  investment  be  advisable  is 
a  matter  requiring  expert  advice,  and  all  the  conditions  entering  into  the 
problem  should  be  very  thoroughly  considered. 

For  multi-stage  expansion,  the  highest  economy  is  obtained  in  plants 
where  the  load  of  the  engine  is  uniform  (such  as  in  water  works  pumping 
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engine,  marine  engine,  etc.) ,  because  the  engine  may  be  so  designed  that  the 
power  corresponding  to  the  working  load  will  be  developed  with  the  most 
economical  number  of  expansions. 

Uniform  load,  extreme  ratios  of  expansion,  great  care  to  avoid  leakage; 
1,  of  steam  through  the  joints;  2,  of  heat  through  covering  of  pipes  and 
cylinders,  and  size  of  areas  for  passage  of  steam  to  and  from  the  cylinders, 
all  have  great  influence  in  fixing  the  possible  economy  of  the  engine; 
moreover,  to  obtain  best  results,  expert  management  of  both  engine  and 
boiler  must  be  added. 

In  examining  the  catalogues  of  manufacturers,  common  sense  will  indicate 
to  the  reader,  that  the  cylinder  proportions  adopted  are  those  which  are 
best  adapted  to  be  used  in  making  standard  patterns  for  a  line  of  engines, 
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Fig.  3,174.-r-Economy  curves  for  compound  condensing  piston  valve  engine  variable  load. 
Boiler  pressure  1773^  pounds;  superheat  90°  Fahr.;  vacuum  26  inches. 


whereas,  other  dirnensions  may  be  better  used  in  some  cases  where  the 
highest  economy  attainable  is  desired,  with  comparative  disregard  of 
first  cost. 


4.  Operation 


Piston  Speed.— For  constant  speed  of  rotation,  the  piston 
speed  may  be  increased  by  lengthening  the  stroke. 

In  increasing  the  piston  speed  in  this  manner,  the  absolute  value  of  such 
increase  is  to  improve  the  econottiy,  because  a  greater  weight  of  steam  passes 
through  the  cylinder  per.  minute,  resulting  in  reducing  the  percentage  of 
.    <.T>ndensation.  .       '    , 
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Rotative  Speed. — With  non-jacketted  cylinders,   the  effect  , 
of  increasing  the  rotative  speed  is  to  reduce  the  cyhnder  condensa- 
tion, but  the  efficiency  is  not  usually  increased  by  this  means  ^ 
because  of  the  poor  steam  distribution  due  to  the  t^^pes  of  valve 
gear  available  for  such  service. 

'  For  jacketted  cylinders  it  is  generally  agreed  that  the  slower  the  rotative^ 
speed  the  more  efficient  the  jacket  because  of  the  longer  time  in  which 
each  charge  of  steam  can  receive  heat  transmitted  from  the  jacket  steam 
through  the  cylinder  walls. 

High  rotative  speed  means  short  stroke  and  large  clearance. 
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Fig.  3,175. — Economy  curves  for  various  sizes  of  simple  non- condensing  high  speed  piston  valve 
engine  variable  load.    Boiler  pressure  125  pounds. 


Wire  Drawing. — Since  valves  cannot  close  or  open  instantly,. 

the  gradual  closing  or  opening  of  the  port  causes  the  pressure  ta 
be  less  than  it  should  be,  owing  to  the  frictional  resistance  en- 
countered. Accordingly,  the  ''corners"  of  the  diagram  are 
rounded  instead  of  sharp,  the  card  area  thus  lost  reducing  the 
diagram  factor  in  proportion  as  shown  in  fig.  3,176. 

The  extent  of  this  loss  depends  on  the  velocity  of  the  valve  in  opening 
and  closing,  and  various  methods  have  been  employed  in  designing  valve 
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gears  to  obtain  a  quick  opening  and   closing  of  the  valve,  conspicuous 
examples  being  the  releasing  gears,  and  riding  cut  off  gears. 

The  loss  due  to  wire  drawing  is  most  marked  in  engines  of  the  so  called 
"automatic  cut  off"  type  which  vary  the  cut  off  by  the  method  of  combined 
variable  angular  advance  and  variable  throw.  In  these,  not  only  is  wire 
drawing  caused  by  the  slow  opening  and  closing  of  the  valve,  but  is  con- 
siderably increased  by  the  reduction  of  port  opening  at  early  cut  off  caused 
by  decreased  throw.  The  same  thing  may  be  said  of  engines  (as  for  instance 
locomotives),  using  the  shifting  link  motion  as  a  variable  expansion  gear. 
-VALVE  BEieiNNINS  TO  OPEN 
VALVE  OPEN 

-VALVE  BEGINNING  TO  CLOSE 


-WIRE  DRAWING   AT  CUT  OFF 
■VALVE  CLOSED 
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WIRE 
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AT  ADMISSION       ^  LOSSES    DUE  TO 


WIRE    DRAWING 


JE  TO  WIREDRAWING 
'AT  COMPRESSION 


VALVE  CLOSED 


WIRE  DRAWING 

AT  (Compression 


VALVE  BEGINNING   TQ  CLOSE 


Fig.  3,176. — ^Action  of  the  valve  gear  in  reducing  the  area  of  the  diagram  by  wire  drawing. 
While  the  steam  valve  is  opening  for  admission,  the  solid  black  area  A,  is  lost;  while  closing 
for  cut  off  area,  area  B,  is  lost;  while  the  exhaust  valve  is  opening  for  pre-release  and  release, 
areas  C,  and  D,  are  lost;  while  closing  for  compression  area  E,  is  lost,  the  effect  of  which  is 
to  elevate  the  entire  compression  curve  from  R,  to  R',  taking  away  from  the  diagram  the 
area  F.  _  It  is  evident  from  the  figure  that  if  engine  valves  could  open  and  close  instantly 
the  efficiency  would  be  considerably  increased.  Such  operation  in  practice  is  of  course  im- 
possible. 

In  a  well  designed  engine  using  such  means  for  varying  the  cut  off,  the 
port  opening  for  full  gear  (latest  cut  off)  should  be  made  as  large  as  practical 
considerations  will  permit,  in  order  that  there  may  be  ample  opening  at. 
short  cut  off  to  avoid  \mdue  wire  drawing. 

Variable  Load. — In  nearly  all  conditions  of  service  the  load 
varies  more  or  less,  and  the  nature  of  this  variation  and  its 
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extent  will  have  an  important  bearing  in  determining  the  type 
of  engine  to  be  used  and  degree  of  economy  to  be  expected. 
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Fig.  3,177. — Characteristic  load  curve  illiistrating  relation  between  economy  and  variable  load. 


Fig.  3,178. — Diagram  illustrating  Buckeye  power  ratings,  based  on  economical  range  of  power, 
advisable  under  100  pounds  boiler  pressure.  This  range,  as  represented  by  the  diagram,  is 
bounded  by  the  Imes  AA,  and  BB,  the  first  representing  60  pounds  m.e.p.,  and  the  latter  40; 
^  "rated  power"  is  based  on  the  mean  of  the  two,  or  50  pounds,  represented  by  line  CO. 
The  'ultimate  capacity"  is  based  on  70  pounds  m.e.p,,  represented  by  line  DD,  which, 
although  not  the  utmost  power  the  engine  is  capable  of  exerting,  is  about  the  greatest  under 
which  good  regulation  can  be  expected,  unless  a  higher  boiler  pressure  be  carried,  or  the 
adjustments  have  been  made  with  reference  to  such  an  excessive  duty. 
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Fig.  3,179. — Load  curve  illustrating  most  economical  cut  off  for  a  17  X  30  simple  non-condensing 
Buckeye  automatic  riding  valve  cut  off  engine,  as  determined  from  tests  by  Prof.  Denton. 
In  the  figure  the  line  AB,  represents  the  stroke  of  the  engine.  This  is  equally  divided  into 
tenths  and  half-tenths  to  denote  the  various  points  of  cut  off,  or  periods  of  admission.  Above 
these  points  are  laid  off  to  a  scale  of  20  pounds  per  inch,  the  actual  pounds  of  water  used  per 
horse  power  per  hour.  Through  these  points  a  curve  is  drawn,  from  which  may  be  seen  more 
clearly  than  from  a  numerical  table,  the  change  in  rate  of  water  consumption  corresponding 
to  changes  in  point  of  cut  off.  Three  of  these  curves  are  shown,  corresponding  to  90,  60  and 
30  pounds  boiler  pressure  respectively.  It  will  be  seen  from  the  curves,  that  the  best  result 
for  90  pounds  pressure,  was  obtained  at  about  M  cut  off;  that  for  60  pounds,  at  about  33/100 
cut  off,  and  that  for  30  pounds  at  about  45/100  cut  off.  For  a  short  distance  each  side  of 
these  points  of  cut  off,  the  economy  is  practically  the  same,  but  it  should  be  noted  that  in 
case  of  very  early  or  very  late  cut  off,  the  water  consumed  is  considerably  increased.  An 
engine,  therefore,  having  a  widely  fluctuating^  load,  cannot  be  expected  to  give  the  best 
economy.  The  relation  of  economy  to  cut  off  is  well  pointed  out  by  these  experiments,  but 
the  actual  water  rates  would  have  been  somewhat  better  but  for  the  fact  that  the  engine  had 
uncommonly  large  clearance.  Had  the  clearance  been  as  small  as  might  be,  the  results  would 
probably  have  been  about  3H  per  cent,  more  favorable,  or  at  90  pounds  pressure,  J^  cut 
off,  about  26  pounds  consumption;  at  60  pounds  pressure  35/100  cut  off,  about  30  pounds, 
and  at  30  pounds  pressure,  J^  cut  off,  about  413^  pounds,  which  amounts  correspond  to  good 
performance.  In  some  similar  experiments  with  a  small  (7  X  14)  Buckeye  Automatic  non- 
condensing  engine,  boiler  pressure  75  pounds,  the  same  experimenter  has  found  the  best  rate 
of  consumption  to  be  30  pounds  at  J^  cut  off.  It  would  appear  here  that  the  most  favorable 
point  of  cut  off  is  the  same  in  small  as  in  large  engines ,  while  the  matter  of  economical  use 
of  steam  is  in  favor  of  the  larger  engine  and  high  pressure.  It  should  be  borne  in  mind  that 
these  results  are  deduced  from  refined  tests,  extending  over  a  considerable  period,  the  engines 
being  in  perfect  condition  as  to  leakage,  etc.,  and  the  steam  collected,  condensed  and  carefully 
weighed  after  the  work  was  performed,  thus  eliminating  errors  as  far  as  possible.  The 
■steam  was  also  practically  free  from  moisture.  In  the  tests  of  the  above  figure  it  contained 
less  than  one  per  cent.  From  these  and  other  experiments  an  approximate  rule  may  be  stated 
that  the  best  cut  off,  expressed  in  fractions  of  the  stroke,  may  usually  be  determined  by  divid- 
ing 100  by  42  times  the  square  root  of  the  boiler  pressure — this  pressure  being  reckoned  from  a 
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For  every  engine  there  is  a  certain  load,  and  certain  set  of  working  con- 
ditions, such  as  initial  pressure,  cut  off,  speed,  etc.,  at  which  it  will  work  with 
maximum  economy.     This  is  known  as  its  **full  load.** 

The  load  may  be  varied  a  reasonable  amount  either  above  or  below  the 
full  load  without  perceptibly  impairing  the  economy.  This  load  range  is 
called  the  economic  range,  and  evidently  the  economic  range  is  different 
for  different  types  of  engines. 

The  economic  range  is  greater  for  a  simple  engine  than  for  a  compound  or 
triple  engine. 

If  the  load  be  varied  beyond  the  limits  of  the  economic  range,  there  will 
result  a  marked  decrease  in  economy,  the  relation  between  variable  load 
and  economy  being  shown  by  a  load  curve  as  in  fig.  3,179. 

In  considering  any  particular  engine  for  a  given  set  of  working  conditions,, 
a  study  of  curves,  such  as  shown  in  the  figure  plotted  for  the  engine  in 
question,  will  aid  in  determining  if  the  engine  be  suited  to  the  service. 

Fig.  3,181  shows  a  similar  curve  based  on  steam  per  horse  power  hour  and 
variable  cut  off. 

Very  often  the  conditions  are  such,  as  for  instance  in  a  new  and  growing 
plant,  as  to  require  an  engine  too  large  for  the  service,  the  result  being  that 
the  engine  will  work  with  poor  economy  until  the  growth  of  the  plant 
increases  the  load  to  the  economical  range  of  the  engine.  There  are  several 
solutions  to  a  problem  of  this  Jcind:  1,  a  simple  engine  may  be  installed, 
proportioned  to  carry  the  load  at  moderate  speed  and  boiler  pressure,  later 
a  smaller  pulley  may  be  used  and  the  speed  increased,  also  the  boiler  pres- 
sure, thus  adapting  the  engine  to  quite  a  large  increase  in  load  without 
material  change  in  economy;  2,  a  simple  engine  may  be  installed  and  later 
a  low  pressure  cylinder  added  converting  the  engine  into  a  compound, 
giving  considerable  increase  in  power  and  economy  without  adding  addi- 
tional boiler  capacity. 

The  performance  of  multi-stage  expansion  engines  with  a 
variable  load  is  a  complex  matter  and  the  effects  of  the  various 
methods  of  governing  on  the  steam  distribution  as  explained  in 
the  chapter  on  Multi-Stage  Engines  ( pages  603  to  642 )  should 
be  studied  and  thoroughly  understood. 

Although  simple  engines  seldom  give  trouble  when  running  on  light  loads 
the  same  cannot  be  said  of  multi- cylinder  engines.  Often  the  power  is 
very  unevenly  divided  between  the  cylinders,  especially  in  triple  engines. 

A  compound  or  triple  engine  running  at  very  light  load  is  subject  not 
only  to  loss  of  economy  and  to  irregular  action,  but  the  inside  surface  of 
the  low  pressure  cylinder  is  liable  to  be  cut  or  abraded. 
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5.  Methods  of  Governing 

Throttling. — In  general,  a  throttling  governor  may  be  con- 
sidered as  not  much  more  than  a  makeshift  so  far  as  economy  is 
concerned. 

Under  ordinary  conditions  this  form  is  very  wasteful  and  is  accordingly 
confined  to  the  cheaper  and  less  efficient  types  of  engine,  or  where  the  cost 
of  fuel  is  very  low.  However,  if  the  load  vary  greatly,  throttling  would  be 
more  efficient  than  variable  cut  off  near  the  limits  of  the  load  range, 

_8 A 


Fig.  3,180. — Diagram  illustrating  Buckeye  comparison  oiautomatic  cut  off  with  throttling 
regulation.  The  diagram  is  reproduced  from  actual  card  taken  from  Buckeye  engines.  Both 
represent  very  favorable  loads  and  each  shows  good  results  for  its  type  of  engine.  The  throt- 
tHng  card  AA,  develops  40.57  pounds  m.e.p.  with  37  lbs.  absolute  terminal  pressure,  while  the 
cut  off  card  BB,  develops  41  pounds  m.e.p.  with  only  27  lbs.  absolute  terminal  pressure.  Thus 
the  cut  off  engine  was  developing  41  pounds  of  work  with  an  expenditure  of  its  cylinder  full 
of  steam  at  27  pounds  pressure,  while  the  throttling  engine  developed  but  40^  pounds  of 
work  with  cylinder  full  of  steam  at  37  pounds  pressure  per  square  inch.  For  the  purpose  of 
comparison  it  will  be  sufficiently  near  correct  to  assume  both  diagrams  to  have  same  m.e.p. 
By  the  usual  methods  of  calculating  theoretical  water  consumption  it  will  be  found  that  the 
rates  are  (omitting  nearly  equal  fractions)  31  and  23  pounds  per  f. /?./?.  per  hour,  for  the  diagrams 
A,  and  B,  respectively,  showing  a  saving  of  25.8  per  cent.,  by  the  use  of  automatic  cut  off 
over  throttling  regulation,  but  since  there  will  be  a  trifle  less  internal  condensation  involved  in 
the  throttling  process,  owing  to  the  lower  initial  pressure  and  temperature,  this  saving  will 
not  quite  hold  in  practice  against  as  near  perfect  throttling  performances  as  is  here  represented. 
Perhaps  about  22  or  23  per  cent,  would  be  more  nearly  the  actual  saving.  On  the  other  hand, 
such  throttling  performance  is  very  rarely  realized  in  general  practice,  and  it  is  a  very  common 
experience  to  effect  saving  by  such  substitutions  of  30,  40  or  even  50  per  cent. 
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especially  if  the  fixed  cut  off  of  the  throttling  engine  occur  early  in  the  stroke ^ 
even  so,  the  advantage  of  throttling  over  variable  cut  off  in  such  case  would 
depend  on  whether  the  load  was  near  normal  or  near  the  limits  the  greater 
part  of  the  time. 

For  loads  of  such  nature  the  best  economy  would  be  obtained  by  a  com- 
bination of  throttling  and  variable  cut  off,  the  governing  mechanism  being 
so  arranged  that  the  throttling  action  would  prevent  the  cut  off  varying 
beyond  economic  limits. 

Variable  Cut  Off  .—This  is,  in  general,  the  accepted  method 

of  engine  control  where  economy  is  sought. 

In  considering  variable  cut-off,  the  nature  of  the  steam  dis- 
tribution corresponding  to  the  different  methods  employed  should 
be  understood. 
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Fig.  3,181. — Economy  curves  for  various  sizes  of  compound  non-condensing  foux  valve  engine 
variable  load.     Boiler  pressure  150  pounds. 


The  cut  off  may  be  varied: 

1.  By  shifting  eccentric. 

2.  By  double  eccentric  (independent  cut  off  valve). 

3.  By  the  so  called  expansion  valve  gears  as  the  link  motion,  radial 
motion,  etc. 

The  points  to  be  considered  are : 

1.  Where  both  admission  and  exhaust  are  controlled  by  one  valve,  as 
by  the  method  of  combined  variable  angular  advance  and  variable  throw 
(shifting  eccentric)  early  cut  off  is  obtdined  at  the  expense  of  too  much 
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compression  and  not  enough  port  opening  for  either  steam  or  exhaust, 
which  more  or  less  offsets  the  economy  that  would  otherwise  be  due  to  the 
short  cut  off. 

2.  Because  of  the  defects  mentioned  in  1,  separate  and  independently- 
driven  exhaust  valves  are  provided  in  engines  designed  for  greater  efficiency. 
Thus  the  cut  off  may  be  varied  any  amount  without  disturbing  the  exhaust 
and  compression. 

3.  In  certain  types  of  gear  such  as  the  riding  cut  off,  the  clearance  is 
considerable,  and,  where  the  economy  due  to  a  high  number  of  expansions 
in  a  single  cylinder  is  desired,  the  effect  of  clearance  should  be  carefully 
considered ,  and  in  this  connection  it  should  be  understood  that  it  is  not  the 
percentage  of  clearance  referred  to  the  cylinder  volume,  but  the  percentage 
referred  to  the  cylinder  volume  up  to  cut  off  that  affects  economy. 
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Figs.  3,182  to  3,185. — 'Bad  and  good  construction  for  main  steam  pipe.  Fig.  3,182,  bare  pipe 
— considerable  heat  lost  as  compared  with  fig.  3,183,  showing  properly  insulated  pipe.  Figs. 
3,184  and  3,185,  close  elbow  and  easy  bend.  Close  elbows  should  be  avoided  wherever 
^possible. 

In  determining  what  governor  is  best  suited  for  any  given  conditions  of 
operation,  not  only  must  economy  be  considered,  but  the  nature  of  the 
requirements  as  to  regulation  (speed  variation),  and  a  governor  must  be 
employed  which  will  maintain  the  speed  as  near  constant  as  is  necessary. 
For  instance,  in  electric  lighting  a  practically  constant  speed  is  essential 
but  for  a  traction  engine  no  such  refinement  is  necessary. 


6.  Auxiliary  Apparatus 

Main' Steam  Pipe, — An  .inspection  of  almost  any  steam  plant 
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(especially  those  of  moderate  or  small  size)  will  show  that  little 
or  no  provision  has  been  made  for  economy. 

Long,  leaky,  and  bare  pipes  are  to  be  seen,  containing  an  unnecessary 
number  of  elbows  but  no  expansion  joint. 

Steam  begins  to  lose  its  heat  before  it  gets  out  of  the  boiler. 

What  then  must  happen  when  it  passes  through  such  a  pipe 
line  as  above  described  .^^ 

Not  only  is  heat  lost  by  radiation  and  leakage,  but  there  is  a  loss  of  pres- 
sure due  to  frictional  resistance  of  the  long  and  crooked  pipe  line.  Some- 
times there  is  a  difference  of  5  or  10  pounds  in  pressure  between  the  boiler 
and  engine,  but  in  well  designed  plants  it  should  never  be  greater  than  2  lbs. 

Accordingly  for  best  results  the  main  steam  line  should  be: 

1.  Of  proper  size. 

2.  vShort. 

3.  No  elbows  but  easy  bends  when  necessary. 

4.  ;  Well  insulated. 

If  the  pipe  be  too  small  there  will  be  an  imdue  loss  of  pressure  between 
boiler  and  engine;  if  too  large,  the  steam  flow  will  be  too  slow,  resulting  in 
loss  by  condensation.  There  is  then  some  rate  of  steam  flow  that  will  givfe 
the  minimum  loss  in  the  pipe  due  to  condensation  and  pressure  reduction. 

In  general  the  size  of  the  pipe  should  he  such  that  the  velocity  of  the  steam 
flowing  through  it  will  not  exceed  8,000  feet  per  minute,  or  10,000  feet  in  the 
case  of  very  large  plants.*  </> 

A  better  method  is  to  assume  a  permissible  pressure  drop  and  calculate 
the  pipe  by  aid  of  formulae  and  tables.  Since  the  loss  of  pressure  is  pro- 
portional to  the  length  of  the  pipe,  it  should  be  as  short  as  possible,  that  is,, 
the  engine  should  not  be  placed  at  an  unnecessary  distance  from  the  boiler. 
Very  few  consider  the  loss  of  pressure  due  to  an  elbow. 

In  calculating  this  loss,  an  elbow  may  be  taken  equivalent  to  a  straight 


*NOTE. — According  to  Fernal  and  Orrok,  8,000  feet  was  considered  maximum  in  the  days 
when  125  pounds  steam  pressure  was  carried  without  superheat.    With  200  pounds  and  super- 
heat up  to  200°  Fahr.  the  minimum  steam  speeds  are  much  higher,  and  very  few  engineers  ar§  " 
using  a  minimum  less  than  8,000  feet  per  minute — the  minimum  in  some  cases  running  as  high 
as  18,000  feet  with  no  bad  results. 

0NOTE.— 8,000,  and  10,000  ft.  per  minute  are  proper  for  Vio  cut  off,  but  the  shorter  the 
cut  off  the  greater  the  permissible  speed.  See  chapter  .52  on  Eiigrne  Design  and  chapter  IV. 
of  Prof.  Fessenden's  excellent  book  on  "Valve  Gears." 
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length  of  pipe  40  diameters  long.    By  using  an  easy  bend  both  the  length 
of  pipe  and  loss  due  to  an  elbow  is  reduced. 

Reducing  Valves. — The  practice  of  reducing  the  pressure 
between  the  boiler  and  engine  is  sometimes  resorted  to. 

1.  To  keep  the  pressure  constant  at  the  engine,  and, 

2.  To  dry  or  sHghtly  superheat  the  steam. 

Constant  prevSsure  is  the  chief  object  sought,  because  very  little  superheat 
can  be  obtained  by  reducing  the  pressure,  and  even  then,  the  steam  is 
more  economically  superheated  in  the  boiler  by  absorbing  heat  which  other- 
wise would  pass  up  the  chimney. 


\ 

25 

\ 

\ 

V 

\ 

\ 

\ 

\ 

\ 

\\ 

\ 

s  \ 

v\. 

V 

\^ 

\, 

\, 

V^ 

N 

^N. 

^^ 

15 

N 

<^0 

H.p.  Z 

4GINE 

' 

*v^^    ^^ 

-^i 

1,P    f^M 

AlNiE 

,- — -^ 

-^ 

/ 

— ..^__ 

,— .— -^ 

^00  h 

•P.  EN€ 

INE 

in 

as 


100 


125 


50  75 

PER  CENT  RATED  LOAD 

Fig.  3,186. — Economy  curves  for  variovis  sizes  of  Corliss  compound  condensing  engine,  variable 
load.    Boiler  pressvire,  160  povinds;  26  inch  vacuum. 


If  a  reducing  valve  be  used  and  the  pressure  be  reduced  from  say  300  to 
250  pounds,  it  would  (assuming  the  steam  reached  the  valve  without 
moisture),  be  superheated  only  about  10  degrees,  too  small  an  amount  to 
appreciably  increase  the  economy. 

Moreover,  boilers  in  general  do  not  furnish  dry  steam  and  with  the  usual 
percentage  of  moisture,  dry  steam  at  most  would  be  all  that  could  be  ex- 
pected at  the  engine  by  reducing  the  pressure. 


In  general,  it  would  be  preferable  to  install  automatic  dampers, 
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and  seek  to  improve  the  firing  methods  rather  than  resort  to 
reducing  valves.  * 

•  Separators. — According  to  tests  made  by  Prof.  Carpenter,  the 
moisture  in  steam  leaving  a  Stratton  separator  was  less  than  1 
per  cent  when  that  in  the  steam  supplied  ranged  from  6  to  21 
per  cent.  Although  ordinary  boilers  not  having  superheaters 
furnish  steam  containing  very  little  moisture,  there  is  more  or 
less  condensation  in  the  pipe  between  boiler  and  engine,  hence  a 
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100 


125 


Fig.  3,187. — Economy  curves  for  various  sizes  of  grid   iron  valve  compound  condensing 
engines  variable  load  with  100°  Fahr.  superheat.     Boiler  pressure,  165  pounds. 

separator  should  be  used  to  trap  this  condensate  and  suitable 
means  provided  for  returning  it  to  the  boiler  so  that  the  heat 
which  it  contains  may  be  saved. 

Reheaters. — It  has  been  stated  {Trans.  A.S.  M.E., vol.  XXV, 
482-492)  that  the  reheater  does  for  the  low  pressure  cylinder 
of  a  multi-stage  expansion  engine  just  what  superheat  does  for  a 
single  cylinder. 


This  is  a  very  clear  way  of  expressing  it,  and  as  the  object  of  a  reheater 
is  so  simple  no  further  explanation  should  be  necessary. 

According  to  Marks,  adequate  reheating  involves  superheating  the  steam 
in  the  receivers  from  30°  to  100°  Fahr.  With  the  latter  amount,  Marks  has 
shown  that  the  efficiency  of  the  compound  engine  may  be  increased  6  to 
8  per  cent.     Good  reheating  makes  low  pressure  jackets  unnecessary. 
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As  a  rule,  not  nearly  enough  reheating  surface  is  installed.  With  moder- 
ately superheated  steam  in  both  cylinders,  the  steam  consumption  is  about 
constant  for  the  range  from  %  load  to  13^  load. 

Exhaust  Pipe. — Perhaps  less  consideration  is  given  to  this 
item  than  to  any  other  part  of  a  power  plant,  accordingly  most 
engines  are  operating  with  more  or  less  unnecessary  back  pressure 
which  represents  a  constant  loss  and  which  could  have  been 


GOOD 

LARGE       VACUUM 


MULTIPLICITY 
OF  CLOSE  ELBOWS 


Figs.  3,188  and  3,189. — The  right  and  the  wrong  way  to  pipe  engine  to  condenser. 

avoided  at  nominal  expense  by  intelligent  designing.  The  subject 
has  been  fully  explained  under  the  heading  Back  Pressure  (page 
1,650),  and  it  is  unnecessary  to  add  anything  more,  than  briefly 
state  the  essential  requirements  for  obtaining  the  best  economic 
results.   These  are: 


1.     The  exhaust  vive  should  be  of  such  size  that  the  velocity 
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of  the  exhaust  shall  not  exceed  4,000  feet  per  minute;  on  long 
lines  a  somewhat  larger  pipe  should  be  used. 

2.  The  pipe   should  be  as  short 
as  possible. 

3.  Use  only  easy  bends  (no  close 
elbows)   and  as  few  as  possible. 


Condenser. — Very  few,  even  the 
better  informed,  realize  the  impor- 
tance of  operating  an  engine  condens- 
ing; they  are  either  prejudiced,  or 
unduly  influenced  by  the  questionable 
practice  of  others,  who,  either  through 
ignorance  or  a  tight  pocket  book,  re- 
fuse to  spend  a  few  extra  dollars  in 
first  cost. 


Figs.  3,190  to  3,193. — Diagrams  showing  effect  of  pressure  or  the  gain  by  condensing,  expanding 
to  atmospheric  pressure.  In  each  diagram  the  equal  solid  black  area  M,  is  that  due  to  the 
condenser.  By  comparing  this  with  the  progressively  increasing  areas,  L,A,R,F,  it  is 
evident  that  the  leas  the  initial  pressure,  the  greater  the  gain  by  condensing. 

Usually,  too  much  attention  is  paid  to  the  practice  of  others.  It  is 
well  to  do  more  individual  reasoning  and  in  general  to  regard  the  practice 
of  others  as  questionable,  especially  in  regard  to  non- condensing 
operation. 

As  a  basis  for  calculating  whether  a  condenser  be  desirable, 
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it  should  be  understood  that  the  minimum  saving  in  fuel  is  15 
per  cent,  better  results  being  obtained  according  to  conditions. 

The  chief  items  to  be  considered  are  cost  of  fuel  and  expense  of  the  cir- 
culating water  and  its  quality,  the  latter  determining  the  type  of  condenser 
to  be  used,  also  difference  in  cost  of  attendance  (if  any),  and  depreciation. 

With  the  constantly  increasing  cost  of  fuel,  the  subject  of  condensers 
is  becoming  more  and  more  important,  hence  the  problem  of  determining 
whether  a  condenser  should  be  installed  should  be  entrusted  to  an  expert. 

Altitude. — vSince  the  atmospheric  pressure  varies  about  1 
pound  per  2,000  feet  of  elevation,  engine' efficiency  and  capacity 
is  affected  accordingly. 

In  this  elevation,  according  to  Marks,  the  mean  effective  pressure  varies 
about  ^  pound  for  simple,  and  nearly  1  pound  for  compound  non-con- 
densing engines.  The  efficiencies  of  such  engines  vary  directly  with  the 
altitude. 

With  condensing  engines,  the  variation  is  in  the  other  direction,  but  is 
so  slight  as  to  be  negligible. 

Engine  Tests. — A  very  valuable  contribution  to  the  literature 
on  this  subject  is  the  book  by  Geo.  H.  Barrus,  which  contains 
the  results  obtained  from  tests  on  engines  of  various  types. 
The  following  items  from  Mr.  Barrus'  book  will  be  fotmd  of 
considerable  value  to  those  interested  in  steam  engine  economy.  * 

Automatic  High  Speed  Engines. — Single  cylinder,  piston  vavle,  high 
speed  non-condensing  engines  will  now  develop  an  i.h.p.  per  hour^  from 
25  to  35  lbs.  of  saturated  steam,  depending  upon  size  of  engine  and  pres- 
sure available.  Compound  engines  of  this  type  range  between  20  and 
25  lbs.,  non-condensing,  and  when  condensing  with  26"  effective  vacuiun, 
from  17  to  23  lbs.  may  be  expected. 

Four  Valve  Engines. — Single  cylinder,  non-condensing,  medium  speed, 
four  valve  engines  will  range  in  economy  between  21  and  26  lbs.  of  dry 
saturated  steam,  condensing  between  17  and  22  lbs.  per  i.h.p.  per  hour. 
Compound,  non-condensing  engines  of  this  type  should  be  expected  to 
operate  upon  from  16  to  21  lbs.,  and  when  condensing  with  26  effective 
vacuum,  from  13  to  17  lbs. 


*N0TE. — ^The  author  heartily  recommends  Mr.  Barrus'  book  on  engine  tests  as  it  is  the 
work  of  a  noted  authority  on  the  subject;  he  has  also  a  similar  book  on  boiler  tests. 
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"Gridiron"  Valve  Engines. — Under  condensing  conditions  and  good 
steam  pressure,  the  steam  consumption  per  i.h.p.  per  hour,  varies  between 
14  lbs.  for  units  of  500  kw.  capacity  to  about  12  lbs.  in  units  of  2,000  kw. 
and  above.  Under  superheated  conditions,  economy  has  been  obtained 
upon  5,000  kw.  units  of  this  type  better  than  11  lbs.  of  steam  per  i.h.p. 
per  hour.  The  mechanical  efficiency  of  these  larger  engines  is  over  96%. 
The  horizontal  vertical  cross  compound  arrangement,  in  which  friction 
in  the  engine  itself  is  reduced  to  a  very  small  amount,  owing  to  the  arrange- 
ment of  cylinders  and  the  resulting  uniformity  in  the  crank  effort  has 
been  shown  a  combined  mechanical  and  electrical  loss  in  both  direct  con- 
nected units,  as  little  as  6%,  which  means  a  net  efficiency  of  both  engine 
and  generator  together  of  94%. 

Steam  Turbines.— In  order  to  operate  economically  the  most  improved 
type  of  steam  turbine,  it  is  imperative  that  there  be  maintained: 

1.  High  steam  pressure. 

2.  Steam  of  a  high  degree  of  superheat. 

3.  Highest  possible  vacuum. 

The  last  is  the  most  important  of  the  three  things.  Under  these  conditions 
excellent  results  have  been  obtained  under  a  steady  uniform  load.  It  is, 
however,  under  a  very  variable  load  factor  where  extremely  small  fractional 
loads  must  be  met,  that  the  steam  turbine  is  distanced  by  its  older  com- 
petitor. This  is  diametrically  opposite  to  the  original  claims,  made  for 
the  turbine,  but  if  the  reports  of-  the  tests  conducted  by  admittedly  dis- 
interested and  competent  engineers  are  to  be  regarded,  the  small  amount 
of  available  data  of  station  tests  is  consulted,  and,  above  all,  the  guaran- 
tees made  by  the  turbine  manufacturers  under  competition  for  prospective 
plants  are  to  be  viewed  as  a  criterion,  claims  for  superior  fractional  load 
economies  are  entirely  without  basis. 

Effect  of  Superheat  on  Cylinder  Condensation 


No. 
of  test 

Degrees 

Fahr. 

of 

superheat 

Cutoff 

Proportion 
of   cylinder 
condensa- 
tion and 
leakage 

Cylinder 
condensation 

and  leakage 
derived   from 

curve  for  or- 
dinary steam 

Proportion 
of  conden- 
sation 
reduced 
by  super- 
heat 

IC. 
4. 
8A. 
8B. 
9A. 
9B. 
15. 

82 
25 
37 
37 
24 
24 
59 

.392 
.233 
.247 
.165 
.185 
.225 
.281 

.947 
.766 
.819 

.747 
.820 
.836 
.895 

.053 

.234 

.181 

.253     . 

.180 

.164 

.105 

.114 
.021 
.062 
.081 
.127 
.097 
.110 

Average 

41 

.087 
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CHAPTER  52 
HOW    TO    DESIGN    AN    ENGINE 


It  might  be  inferred  from  the  title  of  this  chapter  that  the 
subject  is  to  be  treated  in  a  popular  manner — not  exactly  popu- 
lar, but  with  common  sense  and  in  a  rather  unconventional 
style.  In  fact  it  may  be  regarded  as  a  protest  against  the  tend- 
ency of  engineers  to  he  influenced  by  what  may  be  termed  the  power 
of  suggestion,  that  is,  the  tendency  to  blindly  follow  the  prac- 
tice of  others. 

Such  men  as  Watt,  Corliss,  White,  Stumpf,  Diesel,  etc.,  do 
not  belong  to  this  class  but  may  be  called  independent  thinkers; 
men  who  are  not  satisfied  with  mediocre  attainments  in  engineer- 
ing, but  who  seek  something  better.  Some  engineers  accept 
standard  practice,  in  certain  instances  that  they  know  to  be 
faulty  because  they  lack  the  strength  of  their  convictions,  being 
afraid  to  introduce  something  new  lest  it  do  not  come  up  to  their 
expectations. 

For  instance ,  in  small  ana  medium  size  city  water  supply  pumping  plants  ^ 
wasteful  direct  connected  pumps  are  in  most  cases  installed ,  although  very 
little  reasoning  will  show  that  the  conditions  at  the  water  end  and  at  the 
steam  end  of  the  pump  are  directly  opposed  so  that  the  two  ends  should  be 
independent  to  obtain  high  economy,  as  in  the  arrangement  shown  in 
fig.  3,202.  Here  large  cylinders  and  low  piston  speed  are  eliminated  and  a 
small  cylinder  and  high  piston  speed  substituted  with  belt  drive.  However; 
this  is  different  from  the  usual  practice — the  belt  might  slip,  or  break,  or 
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run  off;  in  fact,  a  multitude  of  imaginary  catastrophes  might  happen,  and 
so  the  old  direct  connected  pumps  are  installed  notwithstanding  the  large 
coal  bills  that  accompany  them.  Instances  such  as  this  represent  what 
might  be  termed  engineering  crimes ^  and  there  are  many. 

Again,  there  are  engineers  who  have  not  the  inventive  instinct  and  rely 
on  the  practice  of  others.  It  is  very  well  to  listen  to  what  the  other  fellow 
has  to  say,  whether  he  be  a  professor  or  a  helper  in  a  garage,  but  do  not 
accept  his  statements  as  correct  without  satisfying  yourself  as  to  the  facts  by 
independent  reasoning  or  investigation. 


Fig.  3,202. — Graham  jacketted,  transfer  expansion  oscillating  engine,  and  Dimham  power 
pump  with  belt  tranimission.  It  must  be  evident  thQ.t  this  arrangement  permits  the  en- 
gine and  pump  to  work  under  the  most  favorable  conditions  for  economy.  Hence  by  proper 
proportion  of  pulleys,  the  engine  may  run  at  high  speed,  thus  reducing  the  size  of  the 
cylinder  and  loss  by  condensation  leakage,  etc.,  and  the  pump  may  be  run  at  slow  speed, 
thus  reducing  the  loss  by  slip,  and  eliminating  water  hammer,  slamming  of  valves,  etc. 


*The  chief  aim  of  this  chapter  is  to  appeal  to  the  engineer  to 

*NOTE, — Not  only  in  engineering  butin  other  sciences  and  arts  are  we  unduly  influenced 
by  the  opinions  of  others.  For  instance,  in  music,  there  are  still  some  singers,  a  few  musi-! 
cians  (?),  and  other  nondescripts  who  never  miss  a  performance  of  Handel's  Messiah,  yet  who 
could  not  be  hired  to  attend  a  performance  of  Verdi's  Requiem  or  Grieg's  piano  concerto,  Bruno 
Oscar  Klein's  Messe  Solennelle  op.  82,  or  Tschaikowsky's  Symphonic  Pathetique, — or  listen 
to  Arthur  Depew's  wonderful  improvisations  on  the  organ.  Why?  Their  grandmothers, 
great-aunts  and  some  early  singing  teachers  of  the  bel  canto  and  coloratura  species  never  missed 
a  performance  of  the  Messiah  and  thought  it  was  great  stuff!  Thus  influenced  by  the  sug- 
gestion of  others  they  accordingly  hold  the  same  opinion,  not  having  sufficient  intelligence  tc 
use  their  common  sense  in  the  matter. _  Handel  and  some  of  the  other  so-called  great  com- 
posers were  great  carpenters  but  no  architects.  How  could  they  be  without  modern  harmony?' 
Why  be  satisfied  with  an  old  spinet  or  clavichord  when  a  modern  Steinway  grand  is  infinitely 
better?  Why  prefer  an  antiquated  "horseless  carriage"  to  a  Stutz,  Packard,  or  Rolls  Roycer 
Why  listen  only  to  primitive  music  and  object  to  old  style  plumbing  when  the  moderr 
music  (but  not  the  super-modem  as  has  been  inflicted  on  us  by  some  French  futurists)  is  ovei 
a  hundred  million  times  better?     Why? 
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think  for  himself   and   use  common   sense,  rather   than   follow 
blindly  the  practice  of  others.  ♦ 

The  particular  engine  selected  to  illustrate  how  to  design  an 
engine  is  an  original  idea  of  the  author  intended  to  replace  a 
standard  though  very  uneconomical  type. 

It  is  to  be  expected  that  the  author's  engine  will  be  criticised  because  it 
is  something  new,  different  from  the  usual  practice  and  might  "slip  a  cog," 
or  something  else  equally  dreadful  might  happen. 

How  to  design  an  engine  is  illustrated  by  the  design  of  an  engine  to  meet 
the  requirements  given  in  the  example  which  follows,  this  being  presented 
in  the  main  text,  and  some  of  the  mass  of  rules  formulae,  etc. ,  of  the  leading 
authorities,  given  independently  in  small  type  as  foot  notes.  Some  of 
these  rules  would  be  better  printed  in  still  smaller  type  or  no  type  at  all, 
representing  as  they  do  empirical  formulae  for  "rules  of  thumb,"  these  being 
based  on  practice  instead  of  on  the  strength  of  materials ,  should  be  regarded 
•     with  suspicion  and  avoided  as  much  as  possible. 

Example. — ^Design  a  single  cylinder  marine 
engine  for  a  moderate  speed  boat,  to  develop 
30  indicated  horse  power  at  full  load!  * 

There  are  some  people  who  think  of  nothing  but  first  cost. 
They  select  the  cheapest  article  regardless  of  future  expense. 
A  large  percentage  of  this  class  consists  of  steam  boat  owners, 
as  is  indicated  by  the  labored  puffings  of  non- condensing  light- 
ers and  tugs  whose  engines  are  too  small  for  the  job,  and,  oper- 
ated without  condensers,  are  very  wasteful.  However,  as  men- 
tioned, first  cost  is  the  chief  item  with  their  owners,  hence  the 
selection  of  these  extremely  robust  ''puffing  Billies"  or  steam 
eaters.  To  illustrate,  a  prominent  concern  once  built  a  22X26 
lighter  engine  which  was  rated  at  500  horse  power 


NOTE. — The  author  originally  intended  to  design  a  500  horse  power  engine  for  a  steam 
lighter,  but  selected  the  small  size  with  the  idea  of  building  one  at  some  future  time  to  experi- 
ment on  a  small  scale  \yith  the  steam  jacket.  The  small  engine  will,  however,  serve  just  as 
well  to  illustrate  the  principles  of  engine  design. 
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At  ordinary  speed,  say  125  revolutions  per  minute  (r.p.m,),  this  engine 
would  require  a^mean  effective  pressure  (m.e.p.)  of  79.4  lbs.  per  sq.  in., 
and  with  the  usual  late  cut  off,  correspondingly  high  initial  and  terminal 
pressures  resulting  in  poor  economy  as  indicated  by  the  card,  fig.  3.203, 
This  means  large  boilers,  large  coal  bunkers,  and  large  condenser  (if  one  be 
used) ,  all  of  which  occupies  valuable  space  which  otherwise  could  be  used 
for  cargo.  Moreover  the  excess  weight  of  the  plant  increases  the  draught 
which  in  turn  reduces  the  speed;  thus  more  coal  is  required  on  this  account 
and  also  on  account  of  poor  economy. 

Watt  has  said:    the  supreme  excellency  in  machinery 
is  in  its  simplicity. 
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Fig.  3,203. — Card  from  an  ordinary  marine  engine  of  the  type  usually  installed  in  steam 
lighters,  having  a  riding  cut  off  with  resultant  large  clearance,  poor  steam  distribution,  etc. 
The  diagram  shows  six  of  the  numerous  reasons  for  poor  steam  economy. 


Accordingly  a  single  cylinder  engine  would  be  very  excellent  if  it  wen 
as  economical  as  a  compound,  and  the  author  has  this  idea  in  view  in  design- 
•ing  the  engine  illustrated  in  this  chapter. 

The  ordinary  compound  (without  independent  cut  off)  is  usually  designee 
to  cut  off  at  Vio  stroke  in  the  high  pressure  cylinder  which,  with  a  cylinde: 
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ratio  of  4:1  (the  ratio  usually  but  not  always  judiciously  employed) ,  would 
give 

(1  -7-  Vio)  X  4  =  6 .64  expansion . 

In  this  type  of  engine  the  various  losses,  such  as  condensation,  wire 
drawing,  drop  or  free  expansion  in  the  receiver  will  result  in  a  diagram 
factor  of  about  .95  and  a  water  consumption  of  about  20  lbs.  The  water 
consumption  of  the  22  X26  working  under  the  conditions  of  fig.  3 ,203 ,  would 
be  about  40  lbs.  or  twice  that  of  the  compound. 

The  Theoretical  Diagram. — To  compete  with  the  perform- 
ance  of    the   compound,    the    following    operating    conditions 


AREA  ABCDE=28.94  SaiNS 
abode  =Z7.7 


^    ^«..,  ^.^-r«^^     AREA    obcdc _  Zl.l    ,   Q^ 
DIAGRAM  FACTOR  -  ^rea  ABCDE^  Zfiiea"  '^^ 


Pig.  3,204. — Theoretical  diagram  and  expected  card  superposed  to  determine  the   diagram 
factor. 

are  selected  as  being  the  most  desirable  for  economy  in  a  single 
jacketted  cylinder  using  saturated  steam:  Initial  pressure 
80  lbs.  (gauge);  7  expansions  or  as  near  that  as  the  valve  gear 
will  permit;  28  inch  vacuum  (.943  lbs.  say  1  lb.  absolutely)  back 
pressure. 

In  fig.  3,204  is  a  theoretical  diagram,  A,B,G,D,E,  corresponding  to 
these  conditions  and  the  probable  temperature  of  the  cylinder  walls  is 
obtained  as  explained  in  fig .  3 ,205 ,  in  order  to  aid  in  sketching  in  the  expected 
card  with  respect  to  the  effect  of  condensation  and  re-evaporation  upon  the 
card. 


The  Expected  Card. — To  obtain  compound  economy  in  a 
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Fig.  3,205. — Diagram  and 
tabulation  for  determin- 
ing probable  tempera- 
tures of  the  cylinder 
walls.  A  number  of  po- 
sitions, a,  b,  c,  etc.,  are 
found  corresponding  to 
equal  angular  movements 
of  the  crank  and  the  tem- 
peratures of  the  steam  in 
the  cylinder  at  their 
points  determined  from 
the  steam  table.  These 
values  are  subtracted 
from  the  constant  tem- 
perature of  the  jacket 
steam  and  average  values 
A  and  B,  calculated  for 
the  forward  and  return 
stroke.  The  average  of 
these  two  average  values 
gives  the  average  tem- 


perature for  the  two  strokes ,  which  approximates  the  temperature  of  the  metal  indicated  by 
the  line  M  S.  Accordingly  some  condensation  may  be  expected  to  occur  during  the  portion 
L  of  the  card  in  which  the  steam  is  at  a  temperature  higher  than  that  of  the  cylinder  walls  and 
re-evaporation  during  the  portion  F,  in  which  the  steam  is  at  a  temperature  lower  than  that 
of  the  cylinder  walls.  The  ideal  condition  sought  by  jacketting  is  to  reduce  this  condensa- 
tion and  re-evaporation  to  a  minimum,  exhausting  the  steam  in  its  saturated  state. 
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single  cylinder  engine,  the  design  should  be  such  as  to  give  a 
very  high  diagram  factor  so  that,  as  nearly  as  possible,  the  full 
benefit  due  to  the  ratio  of  expansion  and  temperature  range 
will  be  obtained.  Accordingly  the  design  should  embody  the 
following  features: 

1.  Quick  acting  valve  gear. 
To  reduce  wire  drawing . 

2.  Separate  admission  and  exhaust  valves. 

To  secure  a  semi-uniflow  effect  and  to  give  independent  exhaust. 

3.  Practically  zero  clearance. 

To  permit  late  compression  and  to  avoid  abnormally  early  apparent 
cut  off,  for  as  will  be  found  with  the  shifting  eccentive  (the  type  to  be 
used)  the  earlier  the  cut  off,  the  more  difficult  it  is  to  obtain  adequate 
port  opening  and  to  avoid  wire  drawing . 

4.  Full  jacketted  cylinder. 

To  reduce  condensation. 

With  these  items  in  mind  the  expected  card,  afi^Cyd^eJ,  is  sketched 
within  the  theoretical  diagram  as  shown  in  fig.  3,204,  from  which  the  dia- 
gram factor  is  obtained.  Although  a  small  error  in  the  diagram  factor  is 
not  of  vital  importance  it  is  desirable  that  the  engine  performance  at  full 
load  closely  approximate  the  expected  card  to  obtain  maximum  economy. 

Expected  M.E.P. — The  theoretical  mean  effective  pressure 
corresponding  to  the  given  conditions  of  operation  as  found  in' 
fig.  3,204  is  38.88  lbs.  and  the  diagram  factor  .96,  hence  the 
expected  mean  effective  pressure  upon  which  the  size  of  cylinder 
is  based  is 

38.88 X. 96  =  37.34,  say  37  lbs. 

NOTE. — The  diagram  factor  according  to  Seaton,  varies  (for  various  types  of  engines) 
from  .6  for  high  speed  war  ship  engines  to  .94  for  expansive  engine,  special  valve  gear,  or  with 
a  separate  cut  off  valve ,  cylinder  jacketted . 
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Revolutions  per  Minute  (r.p.m.). — For  every  size  and  type 
of  boat  there  is  a  certain  propeller  speed  which  gives  the  greatest 
efficiency,  that  is,  which  causes  it  to  operate  with  the  least 
slip*  and  consequent  loss  of  power. 

Size  of  Cylinder. — The  preceding  paragraphs  indicate  that 
a  large  cylinder  will  be  necessary  to  develop  the  given  power. 
The  cylinder  is  not  large  but  only  seems  so  when  compared  with 
the  size  usually  selected  for  the  same  power  because  the  latter, 
as  before  stated,  is  too  small  for  the  job,  the  object  being  simply 
to  get  Qs  much  power  as  possible  per  lb.  of  metal  and  per  cu.  ft.  of 
space  occupied  by  the  engine  regardless  of  economy. 

A  little  consideration  will  show  that  not  only  is  the  weight  and  space  thus 
saved  ts  transferred  to  the  hotter,  auxiliaries,  and  additional  coal  supply 
necessary,  but  the  weight  and  space  occupied  by  the  complete  power  plant 
is  greatly  increased  with  heavier  operating  expenses.  Accordingly  the 
mental  process  of  the  designers  who  produce  such  faulty  power  plants  is 
is  not  clear  to  the  author. 

In  determining  the  cylinder  dimensions,  to  begin  with,  the 
experienced  designer  knows  from  his  sense  of  proportion,  approxi- 
mately the  size  of  cylinder  that  will  develop  a  given  power. 

From  this  sense  of  proportion,  a  range  of  strokes,  or  diameters  may  be 
selected  in  preparing  a  table  of  various  combinations  of  strokes  and  diam- 
eters that  will  develop  the  given  power,  it  being  advisable  to  study  such 
a  table  to  arrive  at  the  most  desirable  dimensions. 


*NOTE. — There  are  two  kind  of  slip:  real  and  apparent.  The  real  slip  is  the  velocity 
(relative  to  water  at  rest)  of  the  water  projected  stem  ward  by  the  propeller;  the  apparent 
slip  is  the  difference  between  the  speed  of  the  ship  and  the  speed  of  the  screw,  that  is,  the 
product  of  the  pitch  of  the  screw  by  the  number  of  revolutions.  The  term  "pitch"  is  analo- 
gous to  the  term  "pitch  of  the  thread"  of  an  ordinary  single  threaded  screw.  Thus,  if  there 
were  no  slip,  a  propeller  would  push  the  boat  forward  in  one  revolution  a  distance  equal  to  the 
pitch  of  the  propeller. 


NOTE. — Steam  Consumption  of  engine  at  various  speeds.  (Profs.  Denton  and 
Jacobus,  Trans.  A.  S  M.E.,  x  722.  Tests  on  a  17X30  engine,  non-condensing,  fixed  cut  off, 
Meyer  valve.)  Conclusions:  There  is  a  distinct  gain  in  economy  of  steam  as  the  speed 
increases  for  }4,  K,  and  }4  cut  off  at  90  lbs.  pressure.  The  loss  in  economy  for  about  }4  cut 
off  is  at  the  rate  of  1/12  lb. .of  water  per  h.p.  for  each  decrease  of  a  r.p.rn.  from  86  to  26  rev., 
and  at  the  rate  of  ^  lb.  of  water  below  26  revs. 
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To  facilitate  calculations  of  the  table,  use  is  made  of  the  horse  power 
constant  or  product  of  the  known  factors;  these  are 

1.  Formula  coefficient  .000004 

2.  M.e.p.  37  lbs. 

3.  R.p.m,  250 

4.  Horse  power  30. 

Now  the  horse  power  formula  reduced  to  its  lowest  terms  (as  explained 
in  Guide  No.  1 ,  page  82) ,  is 

H.P.  =  .000004D2LNP (1) 

and  substituting  the  values  just  given 

30  =  .000004 XD2 XL  X250X37 (2) 

Solving  the  equation  (2)  for  L  (rather  than  for  D ,  to  avoid  extracting  the 
square  root) 

30 810.81 

'D2     


L=- 


.(3) 


10' 


k 


.000004  XD2X250X  37" 

Now  for  cylinder  diameters 

8  8H  9  9^ 

inches,  the  corresponding  lengths  of  stroke  as  found  by  substituting  these 
values  in  (3) ,  and  calculating  by  slide  rule,  are 

12.7  11.2  10  9  8.1 

inches,  and  arranged  as  a  table. 


Cylinder  Dimensions 

(For  30  horse  power  at  250  r.p.m.  and  37  lbs.  m.e.p.) 


Diameter 

8 

8H 

9 

9M 

10 

Stroke 

12.7 

11.2 

10 

9 

8.1 

It  should  be  remembered  that  the  chief  aim  in  the  design  of 
:his  engine  is  economy — compound  economy  with  a  single  cylinder  ^ 
lence  the  question:  Is  jacketting  more  efficient  with  a  short  or 
ong  stroke  engine? 

The  long  stroke  engine  is  the  more  efficient  (as  explained  in  figs.  3,166 
and  3,167),  because  the  ratio  of  the  jacketted  surfaces  to  the  cylinder  volume 
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is  greater.  Proportioning  the  stroke  on  this  basis  when  carried  to  extr< 
conflicts  with  the  marine  condition  which  requires  a  low  center  of  gravi'  _, 
hence  a  compromise  must  be  reached ,  and  inspecting  the  table  the  dimen 
sions  83/^X11.2  maybe  selected  as  most  desirable  proportions ,  all  thi 
considered. 


iiQUyL 
lo^fl' 


The  steam  engine  (unlike  the  gas  engine)  has  a  considerable  overl< 
power  range,  this  range  being  very  great  in  the  type  of  engine  here  con- 
sidered, hence  no  such  refinement  as  .2  in.  is  necessary  in  fixing  the  len^  ' 
of  stroke  which  therefore  may  be  taken  as  11  ins.,  making  the  size 
cylinder  as  selected 


81x11 


At  this  point  it  is  well  to  check  the  sHde  rule  calculation  an! 
determine  the  actual  power  of  the  selected  size,  thus 

Horse  power  =  .000004 X  (83^)2X11  X 250X37  =  29.4 

Although  this  is  .6  horse  power  short  of  the  required  power,  the  deficiency 
is  of  no  consequence  because:  1,  a  very  slight  lengthening  of  the  cut  off  will 
give  full  power,  and  2,  it  is  somewhat  doubtful  whether  the  valve  gean 
will  permit  using  as  short  a  cut  off  as  V?  with  proper  steam  flow. 

Cylinder. — Since  the  valves  are  to  be  placed  in  the  heads; 
the  cylinder  of  this  engine  will  be  a  very  simple  casting.  The 
size  is  small  enough  to  permit  casting  the  jacket  and  cylindei 
in  one  piece,  but  to  illustrate  jacket  design  and  permit  using  £ 
light  metal  (as  for  instance  adamite)  for  the  outer  casting  tc 
reduce  weight,  a  separate  jacket  casting  or  "liner"  will  be  used 

Before  beginning  the  design  it  is  necessary  to  fix  the  maximum  pressur 
to  which  the  parts  are  subjected.  This  is  normally  80  lbs.,  but  in  order  to 
allow  a  reasonable  margin  (to  prevent  continual  blowing  of  the  safety  valve) 
125  lbs.  may  be  taken  as  the  maximum  steam  pressure. 

Now  for  83^  in.  diameter  of  liner,  the  total  load  coming  on  the  line 
(when  there  is  no  steam  in  the  jacket) ,  is 


-5:5.  X 125  =531  lbs.  per  in.  of  length. 


■V-NoTE. — The  large  type  suggests  that  the  designer  should  fix  well  in  mind  the  cyli 
dimensions. 


% 
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12^/4-- 


tor 


Taking  the  ten- 
sile strength  of 
cast  iron  at  20,- 
000  lbs.  and  fac- 
of    safety    at    10, 


then  thickness  of  walls 

for  strength  is 

,^,       20,000 

531  -^— 77r~=:  .27 in.. 


10 

say  34  in. 


0  8''^— 
D  I0%- 


If  provision 
is  to  be  made 
for     reboring, 
add     ys     iti. 
making  thick- 
ness of  liner  j2+3/8  = 
5^  in.     In  the  present 
design  the  jacket  side  of  liner 
will  be  made  corrugated  to 
increase  the  heating  surface, 
the  thickness  varying  from 
K  to  J^  in. 

Begin  to  design  the  cylin- 
der by  drawing  detail  of  one 
side  as  shown  in  fig.  3,206. 

There  are  numerous 
methods  of  making  a  tight 
joint  between  the  liner  and 
cylinder  casting.  Here  soft 
copper  rings  are  hammered 
into  the  grooves.  The  con- 
ical shape  given  to  the  up- 
p»er  groove  secures  that  end 
rigid  with  the  outer  casting 
while  the  other  end  is  free 
to  expand .  This  is  a  satis- 
factory  and  compact 

Fig.  3,206.— Cylinder  end  details 
showing  cylinder  casting,  liner, 
liner  packing  rings,  ports  to 
jacket,  etc.  All  horizontal  di- 
mensions marked  D,  are  di- 
ameters; thus  bolt 
1,  circle  diameter  is  1 1  ^ 

p2  ins.,    diameter    liner 

flange,    lOJ^,    etc. 
-j  qS/,.^  Cylinder  length  which 
'^   "^    t>     depends  on  design  of 
piston,  is  125^  ins. 
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arrangement ,  the  latter  feature  helping  to  keep  down  the  width  of  the  flange 
which  on  jacketted  cylinders  is  usually  excessive.  A  and  B ,  are  the  drilled 
passages  leading  to  and  from  the  jacket  for  the  jacket  steam  and  con- 
densate. 

The  Drilled  Passages, — The  number  required  will  depend  on  the 
diameter  and  velocity  of  the  steam  flowing  through  them.  The  calculation 
is  as  follows: 


Figs.  3,207  to  3,209.— Plan  and  sectional  view  of  piston  and  piston  rod. 

Assuming  the  steam  consumption  to  be  20  pounds  per  horse  power  pe 
hour,  then  total  steam  used  by  engine  when  developing  30  horse  power  i 

20X30  =  600  lbs. 
of  which  say  10%  passes  through  the  jacket,  then 
jacket  steam  =600 X  .1=60  lbs. 
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The  voliime  of  60  lbs.  of  steam  at  80  lbs.,  gauge  pressure  (from  table)  is 

4.57X60  =  274  cu.  ft. 

Now  it  is  desirable  that  the  steam  pressure  in  jacket  be  as  near  boiler 
pressure  as  possible,  hence  to  reduce  the  drop  to  a  minimum,  assume  a  low 
steam  velocity  through  the  drilled  passages,  say  1,000  feet  per  minute,  then 
total  passage  area  required  is 

274 
g0>^Y^X144  =  .6576sq.m. 

To  secure  a  rapid  flow  of  the  steam  through  the  jacket  so  as  to  promote 
drainage  and  prevent  air  accumulation,  it  should  be  made  of  minimum 
width,  say  K  ii^->  giving  diameter  of  jacket  walls  equal  to 

8)^+2X^+2X^=93^  ins. 

for  which  the  load  due  to  the  steam  pressure  is 

9.375  X 125  =  586  lbs. 
2 

The  drilled  holes  being  J^  in.  diam.,  corresponding  to  .04909  sq.  in.  area, 
then  number  of  holes  required  is 

.6576-^.04909  =  13.4 

and  for  very  thorough  distribution  of  the  steam  around  the  jacket  symme- 
try of  layout  increase  this  number  to,  say  20. 

Piston,  Piston  Rod  and  Jacket  Pipes. — The  type  of  piston 
to  be  used  is  the  box  form  with  internal  radial  ribs  which  serve 
not  only  to  strengthen  the  structure  but  to  augment  the  jacket 
heating  surface. 

The  general  design  is  shown  in  fig.  3,207.  The  lower  inter- 
nal surface  is  not  horizontal  but  slopes  from  the  rim  to  the 
rod  so  that  the  condensate  will  drain  to  the  center. 

Before  designing  the  hub  of  the  piston  it  is  necessary  to  figure 
the  diameter  of  the  rod,  thus: 

Area  of  piston  =  3^7rX diam. 2  =  .7856X8.5 2=  56. 75  sq.  ins. 

Load  on  piston  =  area  X  (steam  pressure  +  atmosphere  pressure) 

=  56.75 X  (110+15)  =7,094  lbs. 

The  rod  has  to  resist  stresses  of  tension  and  compression  at  the  ends,  and 
in  addition  the  tendency  to  buckle  midway  between  ends.     At  the  ends 
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where  only  tension  and  compression 
is  to  be  considered  the  stress  may 
for  a  steel  rod  be  7,000  lbs.  per  sq. 
in.,  hence  for  threaded  ends  mini- 
mum area  at  root  of  thread  =  7 ,094 
•T-7,000  =  1.013  sq.  ins.  Nearest 
larger  diameter  corresponding  (from 
table)  =  1  He  ins .  (area  1 .  108) .  Now 
the  diameter  of  the  body  of  the  rod 
must  be  greater  for  stiffness ,  to  resist 
buckling  and  this  will  depend  on 
the  ratio  of  stroke  to  piston  diam- 
eter; that  is,  whether  the  engine  be 
of  the  short ,  medium,  or  long  stroke 
variety .  The  stroke  being  medium , 
a  stress  of  5,000  lbs,  per  sq,  in.  may 
be  allowed,  hence 

Area  of  body  of  rod  =  7 ,094  H-  5 ,000 
=  1.42  sq.  ins. 

Nearest  larger  diameter  corres- 
ponding, from  table  =  1^. 

Steam    for    Piston    Jacket. — 

This  is  admitted  through  steam  pipe 
D  (fig.  3,212)  and  the  condensate 
removed  through  the  stationary  con- 
densate tube  C,  in  which  slides  tube 
A,  see  fig.  3,208.  The  size  of  these 
tubes  are  calculated  as  follows: 

Area     cylinder    walls  = 

7rX8HXl2J^=     333.8  sq.  ins. 
Area  cylinder  ends  = 

2X56.74=     113.5  sq.  ins 
Area  walls  and  ends  =  447 .3  sq.  ins 

Area  both  faces  of  piston  =  are<' 
ends  =  113.5  sq.  ins.,  ratio  pistoi 
faces  :  walls -f-ends  =  113.5  :  447.3 
or  1:3.9. 


Figs.  3,210  to  3,212. — Details  of  the  ta 
pipes.  Fig.  3,210,  half  section  on  CC 
fig.  3,211,  half  plan  on  AB;  fig.  3,21i 
section   on  AB.      The    axes   referred  1 

rorrps-nnnH    to   AB   a-nA    CD    nf  ficr    3  21- 
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That  is,  the  steam  required  for  the  walls  and  head  is  3.9  times  that 
required  for  the  piston ,  which  corresponds  to 

100 -7- (1+3.9)  =20.4%  for  the  piston,  and 

100% -20.4%  =79.6%  for  the  walls  and  heads. 

Now  since  the  total  jacket  steam  is  60  lbs.  per  hour,  or  1  lb.  per  minute, 
the  total  volume  of  condensate  to  be  removed  is 

1X4.57X128  xl.l03  =  27.8  cu.  ins.  per  minute.* 


284.5 

or,  corrected  for  temperature  of  steam  (323.. 9°  Fahr.) 

vol.  of  condensate =27.8X1.103  =30.7  cu.  ins.* 
of  which  20.4%,  or, 

30.7 X. 204  =  6.26  cu.  ins.  per  minute, 
is  to  be  removed  through  tube  B . 

Now  for  a  flow  of  25  ft.  per  minute  through  tube  B, 

internal  area  =  — '■ =  .02  sq.  ins. 

25X12  ^ 

nearest  diameter  corresponding    (from  table)  =^2  i^-  (area  .0192  sq.  in.) 
and  making  tube  walls  ^Xe  in.  thick. 

Outside  diam .  tube  B  =  ^^2  +  (2  X  He)  =  %  in .  ( =  .28  in) . 

This  is  just  .01  in.  larger  than  the  inside  diam.  of  a  K  in.  pipe,  which  can 
easily  be  machined  to  fit;  bevel,  make  tube  C,  H  in.  pipe  size. 

Now  volume  of  steam  required  for  piston  jacket  is 

20.4%  of  1X4.57  =  .93  cu.  ft. 

and  for  a  flow  of,  say  4,000  ft.  per  minute,  the  annular  area  between  tubes 
C  and  A  is 

Add  to  this  external  area  tube  C  =  .129  sq.  in. 
Internal  area  of  tube  A  =  .163  sq.  in. 


*NOTE. — In  the  equation,  4.57  is  the  volume  cu.  ft.  in  one  lb.  of  steam  at  80  lbs.  gauge 
pressure.  284.5  is  the  relative  volume  of  water  (condensate)  at  39°  Fahr.  The  volume  of 
condensate  at  the  temperature  of  the  steam  (323.9°  Fahr.)  is  slightly  greater  in  the  proportion 
62.42^56.58=1.103. 
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nearest  pipe  size  is  5^  in.  (.191  sq.  in.  internal  area). 

Jacket  Steam  for  Heads  and  Walls. — The  volume  of  steam  require 
for  heads  and  walls  is 

79.6%  of  1X4.57,  or  4.57-  .93  =  3.64  cu.  ft. 

and  for  a  flow  of  say  4,000  ft.  per  minute,  the  annular  area  between  tub( 
D  and  A  is 

^•^'*-Xl44  =  .131sq.  in. 


4,000 

add  to  this  external  area  tube  A  =  .358  sq.  in. 
internal  area  of  tube  D  =  .489  sq.  in. 

nearest  pipe  size  is  ^  in.  (.533  sq.  in.). 

Jacket  Steam  Pipe. — The  total  steam  required  for  all  the  jackets 
taken  at  10%  of  that  required  for  the  engine  or  1  lb.  per  minute,  which  £ 
80  lbs.  pressure  has  a  volume  of  4.57  cu.  ft.  now  for  a  flow  of  6,000  ft.  pe 
minute  in  the  jacket  steam  pipe , 

internal  area  =-ML X 144  =  .1097  sq.  in. 
4,000 

and  (from  table)  diam.  nearest  pipe  corresponding  is  yi'vcv,  (internal  area: 
.104  sq.  in.) 

Jacket  Drain  Pipe. — The  total  jacket  condensate  was  found  to  be 
lb.  per  minute,  of  which  79.6%  passes  through  the  wall  and  head  jackei 
to  be  carried  off  by  the  jacket  drain  pipe;  that  is , 

79.6%,  of  1  =  . 796,  or  .81b. 

which  (taking  the  hot  condensate  at  60  lbs.  per  cu.  ft.)  corresponds  i 
volume  to 

l''^28  x.8  =  23cu..ins. 


60 
Now  for  a  flow  of  say  50  ft.  per  minute, 

internal  area  jacket  drain  pipe= =  .04  sq.  ins. 

^  ^^       50X12  ^ 

and  from  table,  nearest  (larger)  pipe  size  is  %  (having  .057  sq.  in.  area). 

Upper  Cylinder  Head  and  Valves. — Since  the  valves  ar 
in  the  heads,  they  are  to  be  considered  first  in  designing  th 
heads.     The  circular  space  occupied  by  the  piston  jacket  pipe 
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as  designed  in  figs.  3,207  to  3,209  and  the  diameters  of  the 
valve  seats  determines  the  distance  of  the  nearest  parts  from  the 
center  of  the  cyHnder,  which  in  turn  fixes  the  length  of  the  ports. 

It  should  be  noted  that  the  valves  are  not  Corliss  valves  — they 
are  rocking  valves  of  the  tapered  plug  type,  the  object  of  using 
this  form  being  to  obtain  a  valve  that  will  remain  tight  regard- 
less of  wear  and  one  that  is  practically  balanced. 

There  are  an  admission  and  an  exhaust  valve  at  each  end  of 

the  cylinder,  located  in  the  heads  to  secure,  1,  practically  zero 

clearance,  and  2,  a  semi-"uniflow"  effect,  desirable  economical 

features. 

The  admission  valve  takes  steam  from  the  end  and  delivers  it  to  the  cyHn- 
der through  a  port  in  its  side;  the  exhaust  valve  receives  steam  through 
the  side  and  exhausts  through  the  end.  The  valves  being  opened  at  each 
end  are  practically  balanced  with  respect  tq  the  steam,  the  springs  seen 
at  the  end  press  the  valves  against  their  tapered  seats;  this  arrangement 
necessitates  stuffing  boxes  where  the  steam  rods  pass  out  of  the  valve 
chambers. 

In  the  design  of  shifting  eccentric  valve  gears  for  very  short 

cut  offs,  the  chief  difficulty  is  to  obtain  adequate  port  opening  at 

short  cut  off  without  too  much  travel  at  late  cut  off,  and  it  will  be 

necessary  to  resort  to  double  admission,  or  supplementary  ports 

to  avoid  excessive  throw  at  late  cut  off. 

The  first  question  then  for  the  designer  to  settle  is:  What  is  the  maximum 
throw  that  is  mechanically  feasible  for  an  eleven  inch  stroke  engine?  Since 
the  maximum  throw  is  employed  only  in  starting  and  backing,  it  may  be 
made  larger  than  would  otherwise  be  advisable  and  in  this  case  may  be 
fixed  at,  say  2%  ins. 

Before  designing  the  valve  motion,  the  effect  of  inadequate  port  opening 
as  shown  by  the  cards,  figs.  3,212  to  3,217,  should  be  noted,  also  the  in- 
fluence of  lap,  figs.  3,218  to  3,220.  These  Bilgram  diagrams  indicate  that 
the  greater  the  lap,  the  greater  the  port  opening  at  short  cut  off. 

Admission  Port. — Sufficient  port  area  should  be  provided  so  that 
the  steam  flow  will  not  exceed  8,000  ft.  per  minute.  The  area  is  obtained 
from  the  formula. 


NOTE. — Triple  expansion  engines  where  diagram  factor  lies  between  .7  and  .6  can  have 
the  following  steam  speeds:  1.  entering  steam  h.p.  ports,  6,000  to  8,000  ft.  per  minute;  int. 
7,500  to  10,000;  l.p.  9,000  to  13,000.  2.  exhaust  steam,  h.p.  port  5,000  to  6,000ft.  per 
minute;  int,  6,500  to  8,000;  l.p.,  8,000  to  10,000.  Exhaust  to  condenser,  7,000  to  9,000. 
— Bragg. 
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_  piston  area  X  piston  speed  ^^  s 

area  —  v-*-/ 

steam  now 

Piston  area  =  .7854X(8H) 2  =56.75  sq.  ins.;  piston  speed  =  2X250X^Via 
=  458  ft.;  steam  flow  =  8,000  ft.     Substituting  these  values  in  (1) 

Area=^^-^^X^5^  =3.25  sq.  ins. 
8,000 


Figs.  3,215  to  3,218. — Indicator  cards  of  •'automatic  cut  off"  engine  showing  effect  of  the 
shifting  eccentric  on  admission  at  early  cut  off,  resulting  in  drop  due  to  inadequate  port 
opening.  The  cards  also  show  at  early  cut  off  cramped  exhaust  due  to  premature  closing 
of  the  exhaust  valve,  illustrating  the  need  of  separate  independent  exhaust  valves. 

Vf  CUT  OYlr 


V-i  CUTOFF 


i^^CUT  OFF 


Pigs.  3,219  to  3,221. — Bilgram  diagrams  illustrating  influence  of  lap  on  the  port  opening  for 
early  cut  off.  It  is  evident  from  the  diagrams  that  the  greater  the  lap  the  greater  the  port 
opening  at  early  cut  off.  ^  *- 
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Exhaust  Ports, — The  velocity  of  steam  flowing  out  of  the  exhaust 
port  will  be  limited  to  4,000  ft.  per  minute  to  reduce  back  presstu-e  to  a 
minimum.     The  port  area  then  will  be  twice  the  admission  port  area,  or, 

3.25X2  =  6.5  sq.  ins. 

Port  Opening  Area, — For  ordinary  cut  offs  the  area  of  port  opening  is 
rnade  such  as  will  give  a  steam  velocity  of  8,000  ft.  per  min.  based  on  the 
piston  speed  as  expressed  in  ft.  per  min.  Now  for  very  early  cut  off,  the 
piston  is  moving  much  slower  than  at  near  half  stroke,  hence  a  port  opening 
area  as  obtained  for  ordinary  cut  off  would  be  too  liberal  for  early  cut  off , 

EARLY 

CUT  OFF 


Figs.  3,222  and  3,223. — Effect  on  the  lead  of  variable  cut  off  by  shifting  eccentric:  As  the 
cut  off  is  shortened  by  shifting  the  eccentric,  the  lead  angle  is  increased,  that  is,  the  point  of 
pre-admission  occurs  earlier. 
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^\     ^^^=^^.G75  DRILL  C^/S  PIPE  51ZE> 
Fig.  3,224. — Elevation  of  upper  cylinder  head  (section  on  AB  of  fig.  3,214). 
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and  in  fact  would  be  beyond  the  limit  of  the  valve  gear.  Hence  the  aim 
will  be  to  secure  a  flow  of  8,000  ft.  per  min.  referred  to  the  actual  velocity 
of  the  piston  at  the  point  of  cut  off.  Accordingly  at  the  point  of  V?  cut 
off,  the  piston  is  moving  at  a  velocity  of  164.4  ft.  per  min.,  as  obtained  in 
fig.' 3,225.     To  figure  the  area  required. 


port  opening  area  = 


area  piston  X  piston  speed 
steam  velocity 


(1) 


Substituting,    piston   area  =  56.75;    piston    speed  =  164.4   ft.,    and   steam 
velocity  =  8,000  ft., 

^^  56.75X164.4^,, y.^^^ 
8,000 


port  opening  area  = 


Fig.  3,225. — Instantaneous  velocity  of  the  piston  at  the  point  of  ^/i  cut  off  (connecting  rod 
ratio  2:1).  Lay  off  connecting  rod  position  A  B  for  V7  cut  off  giving  crank  angle  COB  = 
39^°  as  measured  by  protractor,  and  position  A'  B'  for  crank  angle  of  90°.  OB'  is  crank 
position  of  maximum  piston  velocity  because  at  this  instant  the  crank  pin  and  wrist  pin 
are  moving  in  parallel  paths,  and  the  actual  velocity  of  the  piston  at  this  instant  =  velocity 
of  crank  pin  =  (34.558  X250)-v- 12  =720  ft.  per  min.  neglecting  angularity  of  the  connecting 
rod.  Now  assuming  the  velocity  of  the  piston  to  vary  as  the  versed  sine  of  the  crank  angle, 
then  piston  velocity  at  point  A,  or  V?  cut  off  =  maximum  velocity  X  ver.  sin.  393^**  =720 
X. 22838  =164.4  ft.  per  min. 


Length  of  Ports. — Since  the  piston  rod  and  tail  circulation  pipe  pro- 
jects through  the  cylinder  heads,  the  ports  must  be  offset  on  each  side  of 
the  center  line,  the  approximate  length  of  ports  being  8  ins.  as  obtained 
in  fig.  3,226. 

Port  Opening. — The  area  of  port  opening  required  for  admission  as 
just  found  being  1.17  sq.  ins.,  and  the  approximate  length  of  port  being  8 
ins.  then  the  port  opening  is 

1 .  For  single  port     =  1 .17  -J-  8  =  .146  in. 

2.  For  double  ports  =  1 .17  -^  16  =  .073  in. 
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Width  of  Ports. — Divide  area  of  port  hy  the  length.     From  values  just 
found, 

width  of  single  admission  port  =  3 .25  ^ 8  =  .406 ,  say  %  in. 
width  of  exhaust  port  =  6.5   -i-8  =  .813,  say  %  in. 


Pig.  3,226. — Approximate  length  of  ports.  Describe  an  arc  K  =43^  in.  radius  of  cylinder 
bore  and  the  small  arc  representing  space  required  for  tail  pipe.  Lay  off  say  3^  in.  giving 
point  L.  Then  the  line  PL,  drawn  parallel  to  the  longitudinal  axis  AO,  is  approximately 
half  the  port  length  depending  on  whether  the  distance  OL,  is  retained  in  design. 


%  cut  OFF 


.95  REL. 


V7  CUT 


Pig.  3,227. — Bilgram  diagram  for  straight  slot  shifting  eccentric.  Given:  maximum  cut 
off  M;  minimum  cut  off  Vv;  lead;  Vie-  ^U  measurement:  Lap  2^2".  port  opening  at  M  cut 
off,  .65;  port  opening  at  Vt  cut  off,  .085.  It  should  be  noted  that  in  the  operation  of  the 
straight  slot  eccentric  under  the  conditions  of  thjs  above  diagram,  the  angle  of  pre-admission 
changes  from  d  to  0'  as  the  center  of  the  eccentric  moves  from  Q  to  Q'  in  shortening  the  cut 
off  from  %  to  1/7. 
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Admission  Valve  and  Seat. — In  fig.  3,227,  the  Bilgram 
diagram*  is  constructed  in  the  usual  way  having  given  the  fol- 
lowing data:  connecting  rod  ratio  2:1;  cut  off,  max.,  %  min.,  1/7; 
lead  ^q;  maximum  throw  2^  ins.  The  solution  gives:  lap,  %; 
port  opening,  at  %  cut  off,  .65  (max.)  and  at  1/7  cut  off.  .085 
(min.)  as  marked  on  the  diagram. 

To  get  dimensions  of  valve  and  seat  just  lay  out  as  for  an  ordinary  slide 
valve  as  in  fig.  3,228.     Since  the  rocking  form  of  valve  is  used,  the  next 


*^2  LONG 
THROW 


OVEIRTRAVEIL 
AT  LATEC.O- 

Fig.  3,228. — Preliminary  layout  of  valve  and  seat.  Draw  steam  port  BC=>f6  in.-  and  lay 
off  steam  lap  AB  =23^2  in.;  this  lap  contains  the  supplementary  port  1,2,  which  is  located 
at  the  middle  making  Al,  and  B2,  each  equal  say  M  in.  The  supplementary  port  is  made 
larger  than  necessary  to  offset  friction.  To  prevent  port  BC,  being  uncovered  (at  short 
cut  off)  except  during  admisson  lay  off  HI  equal  ^2  short  throw  and  make  C3  at  least  this 
distance.  Draw  supplementary  passage  terminating  at  3,4.  The  seat  limit  E  is  found  by 
making  4E  =steam  lap  AB.  To  find  end  D  of  valve,  lay  off  JK  =14  long  throw  and  LM 
the  amount  of  seal  desired  say  34".  To  locate  the  seat  limit  at  F,  locate  F',  at  a  distance 
from  A  =  }4  long  throw,  and  make  F'  P  equal  to  the  desired  overtravel.  F  should  be  so 
located  that  the  supplementary  passage  does  not  overtravel  it,  otherwise  there  would  be  at 
second  admission  after  cut  off.  If  in  design  the  seat  should  extend  all  around  the  valve  the 
depression  at  F,  is  not  necessary. 


problem  is  to  determine  the  diameter  of  the  valve  seat.  Now  in  order  to 
secure  quick  movement  of  the  valve  during  admission,  a  wrist  plate  motion 
vvill  be  used,  the  effect  of  which  is  to  make  the  travel  of  the  valve  less  than 


NOTE. — A  thorough  knowledge  of  the  Bilgram  diagram,  which  is  explained  in  great 
detail  in  Chap.  4,  is  assumed.  It  will  be  seen  that  for  Vt  cut  off  and  double  ports,  the  port 
opening  .085  in.  is  ample,  being  .085  —  .073  =  .012  in,  in  excess  of  the  amount  required.  The 
equivalent  of  double  ports  is  obtained  with  simplicity  by  the  use  of  the  Allen  or  supplemen- 
tary port  valve  which  will  be  used . 
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A  difficulty  is  here  encountered  in  choosing  the  number  of  studs  becaus 
of  the  valve  chambers  which  project  above  the  head.     The  studs  are  noi 
mally  spaced  equally  apart,  but  evidently  in  this  case  uniform  spacing  ; 
impossible,  the  arrangement  with  13  studs  as  in  fig.  3,214,  being  as  ne 
uniform  as  can  be  obtained.     Now  with  13  studs, 

load  per  stud  =  10 ,824  -^  13  =  833  lbs. 
For  a  load  on  stud  of  5,000  lbs.  per  sq.  in. , 

area  at  root  of  thread  =  833  -^ 5 ,000  =  1 .67  sq.  in. 
diameter  nearest  stud  corresponding  (from  table)  5^e  i^*  (area  1.62). 

DETAIL  OF  STEAM  VALVE    TWO  REQD.fRIGHT  AND  LEFT) 
A_„ ^  


TAPLR  I  IN.  PER  FT 


SECTION  ON  LF  secTION  OF  END  A  FOR  DETAIL  OF  RETAINER 


\ 


BOTH  STEAM  AND  EXHAUST  SPRING -FOUR  REQD. 
VALVE5 


Pigs.  3,233  to  3,237. — Admission  and  Exhaust  valves.  Figs.  3,233  to  3,235,  admission 
valve;  figs.  3,235  and  3,237,  exhaust  valve.  The  admission  valve  is  of  the  Allen  or  sup- 
plementary port  type,  giving  double  admission,  a  desirable  feature  with  the  short  cut 
off  (see  pages  208  to  210  of  vol.  I  for  design  of  Allen  slide  valve).  Both  valves  are  open 
at  both  ends  to  render  them  balanced.  The  two  projections  at  the  end  engage  with  the  lug 
on  steam  and  exhaust  spindle ,  so  that  the  angular  movement  of  the  spindle  will  be  transmitted 
to  the  valve.  The  admission  valve  takes  steam  from  the  large  end  and  discharges  through 
the  side.    The  exhaust  valve  takes  steam  through  its  side  and  exhausts  from  the  large  end. 


NOTE. — Stress  on  cylinder  bolts. — Since  there  is  a  proportionately  greater  straining 
action  on  small  bolts  due  to  screwing  up ,  a  smaller  working  stress  should  be  adopted  for  small 
cylinders  than  for  large  cylinders.  Thus  the  working  stress  may  be  taken  according  to  Unwin 
as  follows: 


Diameter  of  cylinder  up  to 

10 

15 

20 

60 

60  ins.  and 
greater 

Stress,  in  lbs.  per  sq .  in 

3.000 

4.000 

5,000 

6,000 

7.000 
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The  Wrist  Plate  Motion. — The  effect  of  the  wrist  plate  is 
to  distort  the  valve  movement  so  that  it  will  move  fast  while  opening 
and  closing,  and  slow  after  closing. 

This  rapid  opening  and  closing  reduces  wire  drawing  which  gives  sharp 
admission  and  cut  off  corners  on  the  indicator  diagram  thus  increasing  the 
efficiency.  Moreover,  the  reduced  or  slow  movement  of  the  valve  during 
the  closeCd  period  when  the  valve  is  most  unbalanced  reduces  the  amount 
of  work  necessary  to  operate  the  valve  during  this  period. 

_^H^  PIPE  TAP 


Figs.  3,238  to  3,242.— Steam  and  exhaust  mani- 
folds. Figs.  3,238  to  3,240,  steam  manifold;  fig. 
3,241  and  3,242,  exhaust  manifold.  These  are 
attached  to  the  cylinder  heads  by  tongue  and 
groove  joints  by  ring  bolts  threaded  over  the 
cylinder  studs. 


EXHAUST 
MANJFOLD 


^  NOTE.— The  cylmder  studs  and  bolts  should  be  made  of  the  best  steel,  and  of  such 
size  that  the  stram  on  them  does  not  exceed  5,000  lbs.  per  sq.  in.  of  section  at  the  bottom  of 
the  thread,  as  they  are  subject  to  severe  and  sudden  shocks  when  priming  occurs,  and  to  con- 
siderable wear  and  tear  from  the  frequent  removals  of  the  covers  for  examination  of  the  piston. 
In  large  cylinders  6,000  lbs.  strain  is  permissible.  If  iron  be  used,  the  strain  should  be  20% 
less. — Seaton. 
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Fig.  3,243.— Cardboard  model  for 
design  of  admission  valve  gear 
and  diagram  of  exhaust  gear. 
In  construction,  get  a  large 
sheet  of  three  ply  bristol  board , 
draw  cylinder  axis  and  horizontal 
line  LL,  the  intersection  W  giv- 
ing the  center  of  the  wrist  plate 
pin.  Byaidof  fig.  3,224,  locate 
M  andS,  centers  of  admission  and 
exhaust  valves  respectively . 
Draw  circular  valve  seat  and 
outline  of  parts  as  shown.  Cut 
cardboard  discs  and  strips  to  rep- 
resent valve,  steam  arm,  valve 
rod  and  eccentric  rod.  Ink  in 
steam  edge  of  valve  on  disc. 
Pivot  steam  arm  and  disc  by 
thumb  tack  M  and  fasten  disc  to 
steam  arm  with  a  clip.  Pivot 
steam  arm  and  valve  rod  with  an 
eye  rivet .  Cut  a  cardboard  quad- 
rant to  represent  wrist  plate; 
pivot  at  W,  with  thumb  tack  and 
with  trial  wrist  plate  valve  arm 
length  WB,  pivot  valve  rod  to 
w.p.  valve  arm  at  B,  (using  thumb 
tack  till  correct  length  is  deter- 
mined, then  insert  eye  rivet). 
Now  cut  out  a  piece  of  cardboard 
to  represent  crank  arm  and  pivot 
by  thumb  tack,  after  locating 
center  of  eccentric  for  positions 
Q  and  Q',  corresponding  to  ^, 
and  1/7  cut  offs  respectively.  On 
wrist  plate  take  any  desirable 
length  as  CW,  for  w.p.  eccentric 
arm  and  by  the  dotted  line  con- 
struction locate  horizontals  FF' 
and  GG',  angular  travel  limits 
for  %  and  V7  cut  offs  respectively . 
The  eccentric  rod  is  pivoted  to 
the  eccentric  center  by  an  in- 
verted thumb  tack  which  serves 
as  a  crank  handle  for 
turning  the  gear,  being  easily 
changed  from  one  cut  off  setting 
to  the  other  by  changing  position 
of  thumb  tack  with  respect  to 
holes  Q  and  Q'.  Now  make 
various  alterations  of  the  lengths  of 
parts,  with  crank  and  valve  in  cut 
off  position,  noting  that  adequate 
Port  opening  is  obtained,  and  for 
these  various  alterations  note 
travel  of  steam  arm  on  either  side 
of  neutral  position  as  indicated 
on  arc  RR'  by  of,  of,  (for  ^  cut 
off)  and  og  and  og' ,  for  Vv  cut  off, 
calculating  the  ratio  of  each  pair 
of  values  thus  found .  The  author 
after  numerous  trials  obtained 
maximum  ratio  of  2.38  for  ^^c.o. 
and  1.48 for  V?  c.o.  with  the  di- 
mensions as  marked  on  the  model. 
The  diagram  of  the  exhaust  gear  is 
constructed  by  similar  methods. 
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The  wrist  plate  mechanism  comiprises  the  steam  arm,  wrist  plate  arm, 
and  steam  valve  rod  and  the  problem  here  encountered  consists  in  finding 
lengths  of  these  parts  and  angular  relations  that  will  give  the  maximum 
wrist  plate  effect.  It  may  be  solved  by  taking  trial  lengths  of  the  parts  and 
drawing  a  diagram  showing  neutral  and  extreme  positions  of  the  motion, 
or  by  making  a  card  board  model  and  altering  the  various  parts  until  the 
most  desirable  motion  is  obtained.  In  either  case  the  neutral  or  mid- 
position  of  the  model  should  be  drawn  (or  model  put  in  this  position)  and 
the  ratio  of  the  valve  arm  throws  examined.  Average  values  for  this 
ratio,  which  is  a  measure  of  the  "wrist  plate  effect"  are  2.5  to  3. 


Figs.  3,244  and  3,245. — Wrist  plates.  Instead  of  the  usual  heavy  discs,  consists  of  arms, 
thus  avoiding^  any  unnecessary  metal.  Before  making  this  drawing  it  was  necessary  to 
locate  the  position  of  the  eccentrics  to  find  the  overhang  of  the  arms. 

To  obtain  the  maximum  wrist  plate  effect  the  angle  made  by  the  steam 
arm  and  steam  valve  rod  in  the  small  angle  extreme  position  must  be  90° y 
and  in  order  not  to  bring  too  much  strain  on  the  gear  in  the  large  angle  or 
stretched  extreme  position ,  the  angle  between  these  parts  must  not  exceed  140°, 

The  designer  should  not  be  satisfied  until  he  has  obtained  an  arrangement 
which  will  make  as  near  as  possible  these  angles  in  the  extreme  position. 
It  should  be  clearly  understood  that  this  is  not  a  Corliss  valve  gear  but  a 
positive  gear  in  which  the  cut  off  is  varied  by  the  method  of  combined 
variable  angular  advance  and  variable  throw.  It  is  desirable  to  get  as 
much  wrist  plate  effect  as  possible  at  y?  or  working  cut  off  instead  of  at 
full  gear  or  ^  cut  off,  but  unfortunately  the  greatest  wrist  plate  effect  is  at 
late  cut  off,  hence  the  full  advantage  of  the  wrist  plate  is  not  obtained. 

Fig.  3,243  shows  how  to  make  the  card  board  model  and  adjust  the  parts 
until  the  desired  arrangement  is  obtained. 
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ates  are  simila^^ 


The  steam  arms,  exhaust  arms  and  their  connections  with  the  wrist  plates  are  simila 
to  a  double  eccentric  Corliss  gear,  but  it  should  be  understood  that  this  is  a  non-releaaing 
gear  (hence  there  are  no  dash  pots)  the  cut  off  being  varied  by  the  method  of  combined 
variable  angular  advance,  and  variable  throw. 

The  chief  feature  of  the  valve  gear  is  the  way  in  which  this  is  worked 
out  mechanically  and  the  valves  themselves. 
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Figs.  3,246  to  3,253.— 

Wrist  plate  motion 
parts.  Fig.  3,246 and 
3,247,  steam  and  ex- 
haust arms;  figs  .'3,248 
and  3,249,  steam  and 
exhaust  valve  rod; 
figs.  3,250  and  3,251, 
steam  and  exhaust 
eccentric  rod. 
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Bed  Plate. — Except  in  extreme  light  weight  engines  the  bed 
plate  should  be  made  very  substantial,  not  only  for  strength, 
but  to  help  absorb  the  vibrations  of  the  moving  parts  and  thus 
prevent  them  being  transmitted  to  the  boat.  Accordingly  the 
bed  plate  is  made  J^  inch  thicker  than  the  cylinder  castings. 
Before  the  drawing  can  be  completed  the  air  and  feed  pumps 
must  be  designed  and  a  ''layout"  of  center  lines  of  their  drive 
gear  be  made  to  determine  their  positions  on  the  bed  plate. 
The  design  should  be  as  open  as  possible. 

The  author's  favorite  design,  as  shown  in  figs  3,254  to  3,256  is  to 
make  the  shaft  center  flush  with  the  top  of  the  casting  and  to  have  the 
bottom  open.  There  are  two  cross  members  each  of  which  must  carry 
half  of  the  load,  or 

7,094-5-2  =  3,547  lbs. 

These  cross  members  may  be  regarded  as  beams  fixed  at  both  ends  and 
loaded  in  the  middle.  In  fig.  3,256  the  middle  section  as  designed 
is  KX43^,  and  the  span  (between  columns)  is  103^  ins. 

Now,  using  the  formula         4  R  7>/72 

p  =  --  ■ — and  substituting 

o       l 

and  the  factor  of  safety  =  57 ,341  -r-  3 ,547  =  16 

which  is  increased  by  the  top  flange  and  is  ample. 

Main  Bearings. — Since  these  are  stationary  there  is  no  cooling  effect 
of  air  currents  as  is  with  the  crank  pin  and  hence  more  area  should  be 
provided. 

The  bearing  pressure  should  not  be  over  300  lbs.  per  sq.  in.^less  is 
better  and  in  fact  the  main  bearings  are  usually  made  to  occupy  all  the 
space  available. 

The  length  of  the  forward  bearing  depends  on  the  location  of  the  eccen- 
trics, and  as  designed  is  four  ins.  long.  The  aft  bearing  is  made  the 
same  size,  for  symmetry  and  in  order  that  one  pattern  will  do  for  both. 

The  combined  projected  area  of  the  two  bearings  is  twice  that  of  the 
crank  pin,  hence  the  bearing  pressure  is  half  that  of  the  crank  pin  or 

591-^2=295^  lbs. 
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which  is  within  the  300  lbs.  limit.     Four  studs  are  used  for  each  bearing, 
their  size  being  obtained  as  follows: 

load  carried  by  each  stud  =  3^  of  total  load  on  piston 
=  3^  of  7,094  =  887  lbs. 

For  a  stress  of  5,000  lbs.  per  sq.  in.  on  stud. 

Area  at  root  of  thread  =  887 -i- 5, 000  =  .178  sq.  in. 

nearest,  larger  size  stud  (from  table)  is  ^  in.  (area  at  root  .202  sq.  in.). 

Each  stud  is  provided  with  two  nuts  to  securely  fasten  the  cap.     The 
bearings  are  lined  with  either  Babbitt  metal  or  some  other  (so-called)  anti- 
friction metal.      Experience  teaches  that  a  bearing  so  lined  will  run  cooler, 
probably  because  the  lining  metal  being  softer,  accommodates  itself  to  . 
the  journal  more  readily  than  a  harder  metal. 


THRUST  FACE 
OIL  GROOVE 


Fig.  d,257. — Old  style  cast  iron  horse  shoe  thrust  bearing— coM/<i  anything   be    worse?     It 
requires  a  water  jacket  and  unlimited  supply  of  oil  to  keep  it  cool. 


As  To  Thrust  Bearings. — Is  not  the  cost  of  power  high 
enough  at  the  present  price  of  coal  without  putting  a  brake  on 
the  engine?  This  is  virtually  what  is  being  done  by  the  use  of 
the  old  fashioned  thrust  bearing.  Why  are  they  used?  Some- 
one within  the  memory  of  the  oldest  inhabitant  devised  one  of 
these  mechanical  outrages  and  everyone  followed  the  suggestion. 
Any  designer,  worthy  of  the  title,  should  think  seriously  before 
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adding  another  one  of  these  relics  of  the  dark  ages  to  the  large 
number  now  in  use  which  should  never  have  been  made. 

In  the  present  state  of  perfection  of  the  art  of  making  roller 
bearings  of  all  kinds,  what  can  be  the  objection  to  the  use  of  a 
roller  thrust  bearing? 

Most  engineers  will  say  they  are  all  right  for  small  work,  but  are  afraid 
to  use  them  on  large  engines.  ^ 


? 


Why^ 


THRUST  COLLAR 

\  ..:: 


CAeiL  OR   RETAINER 
/       ,^ROtL£RS 


Fig.  3,258.— Plain  roller  thrust  bearing.     Weight  complete  7,500  lbs.;  load  carried  1,500,000 
lbs.,  running  at  100  revolutions  per  minute. 

Fig.  3,258  ought  to  inspire  confidence.  As  to  saving  in  coal,  oil  and 
attendance,  the  author  does  not  believe  the  following  letters,  taken  from 
the  catalogue  of  a  prominent  manufacturer,  in  any  way  overrate  the 
results  obtained: 

"In  reply  to  your  letter  as  to  the  result  of  the  roller  bearing  thrust  which 
you  installed  on  the  yacht  "Anita"  last  April,  will  say  it  has  proven  very 
satisfactory  in  every  respect.  We  ran  about  six  months  the  past  season, 
and  I  did  not  have  the  least  trouble  in  any  way,  and  this  fall  when  I  had 
it  apart  I  could  not  see  as  it  has  worn  any.     We  ran  15  hours  on  34  quart 
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of  oil,  and  then  the  chill  was  hsLvdly  off  it.     Can  also  make  about  four 
revolutions  per  minute  more  than  with  the  old  thrust." 

"The  roller  thrust  bearing  worked  excellently  and  we  got  six  revolutions 
more  out  of  the  engine  with  the  same  cut  off,  than  before  it  was  put  in. 
not  saying  anything  about  the  saving  in  coal.  We  have  run  about  11,000 
miles,  and  have  put  no  oil  in  thrust  bearings  since  we  started,  and  as  for 
care,  the  oilers  have  almost  forgotten  that  there  is  a  thrust  bearing  in  the 
ship.  The  saving  in  the  coal  on  the  "Aphrodite"  was  between  four  and 
five  tons  per  day." 

Don't  design  a  roller  thrust  bearing,  but  design  the  shaft  and  bed  plate 
end  to  accommodate  a  standard  bearing  made  by  some  reliable  manufac- 
turer.    He  has  had  the  experience  and  knows  what  is  required. 

Frame. — In  small  engines  especially  accessibility  to  the 
moving  parts  is  a  very  desirable  feature,  and  this  is  secured  to 
a  maximum  degree  by  use  of  the  open  column  type  of  frame. 
The  frame  proper  consists  of  four  steel  columns,  to  which  is 
attached  the  guides,  the  two  on  the  port  side  being  bored  to 
receive  the  bearing  for  the  air  and  feed  pump  walking  beam 
shaft.  • 

The  diameter  of  the  columns  is  proportioned  to  secure  rigidity  as  well 
as  strength  and  the  author  considers  the  diagonal  braces  sometimes  used 
totally  unnecessary,  especially  in  small  engines  as  a  very  rigid  structure 
can  be  made  without  unduly  increasing  the  diameter  of  the  columns. 

For  ordinary  piston  diameter  and  stroke  ratios,  if  the  diameter  of  frame 
coltmins  be  made  90%  of  piston  rod  diameter  it  will  give  an  amply  rigid 
frame  without  any  transverse  or  diagonal  bracing. 

Now  diameter  of  piston  is  1^  in.,  and 

90%  of  13/g  in.  =  1.24  in. 

hence,  make  diameter  of  frame  columns  134  ins. 

Near  the  lower  end  of  each  column  is  turned  a  projecting  footing  which 
rests  on  the  bed  plate,  the  end  passing  through  a  hole  drilled  in  the  bed 
plate  and  secured  by  a  nut  of  same  size  as  rod.  In  order  to  reduce  the 
length  of  the  lower  cylinder  head  feet  which  receive  the  upper  ends  of  the 
columns  and  thus  bring  them  closer  together  the  diameter  of  the  sections 
of  column  is  reduced  being  just  large  enough  for  strength,  this  reduction 
giving  a  shoulder  upon  which  wrests  the  cylinder  head  feet  without  turning 
a  projection  at  this  point.  Now,  area  of  piston  rod  as  found  is  1 .42  sq.  ins. 
and  there  being  four  columns 
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PLAN  SECTIONAL  VIEW 
THROUGH  AB 


Mof  1.42  =  .355sq.in. 
which  take  for  area  at 
root  of  thread  at  re- 
duced  section  of 
column. 

Nearest  (larger)  di- 
ameter corresponding 
(from  table)  is  K  in. 

In  designing  the 
columns  ,  they 
should  be  enlarged 
at  the  points  where 
they  are  bored  for 
the  guide  bolts  and 
pump  walking  beam 
shaft  bearings. 

Figs.  3,259  to  3,264 
show  design  of  frame 
and  guides.  Owing 
to  the  unusual  height 
of  the  engine  the 
author  has  provided 
diagonal  braces  for 
the  frame  as  shown 
on  page  1,726. 

Guides. — P  our 

guides  are  used,  two 
for  forward  motion 
and  two  for  reverse. 
Since  a  roller  bear- 
ing   is    used,     the 


Figs.  3,259  to  3,264 .^Engine 
frame,  gtiides,  and  details 
of  guide  cross  rods  and 
guide  bolts.  This  is  the 
most  accessible  type  of 
frame,  a  desirable  feature 
especially  in  small  engines. 
Note  method  of  adjusting 
guides  to  the  rollers. 
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length  of  guides  is  made  equal  to  the  length  •  of  stroke  plus  a 
small  margin  (34  in.)  at  each  end  or  total  of  113^  ins. 

The  guides  are  carried  by  the  frame  coltmms,  being  attached 
by  two  bolts  each.  These  bolts  are  located,  not  at  the  ends, 
but  are  spaced  nearer  the  center  to  reduce  the  span  and  thus 
the  size  of  the  guide. 

For  strength  they  are  designed  thus: 

At  125  lbs.  steam  pressure,  load  on  wrist  pin  (=load  on  piston)  =7,094 
lbs.     The  maximum  thrust  on  the  gtiides  is  equal  to  the  total  load  on  wrist 


I 


•« 


y 


Pig.  3,265. — 'One  of  the  guides  considered  as  a  beam  in  designing  for  strength. 

pin  X  tangent  of  maximum  angle  connecting  rod  makes  with  cylinder 
axis.  The  value  of  the  tangent  depends  upon  the  ratio  of  connecting  rod 
to  stroke,  as  follows: 

connecting  rod  stroke  ratio  2  2)4  3 

tangent  of  maximum  angle  .258      .204        .169 

The  length  of  connecting  rod  is  22  ins.  and  stroke  11,  hence  connecting 
rod  stroke  ratio  is 

22-^11=2 

Substituting  in  the  equation  just  given 

thrust  on  guides  =  7 ,094  X  .258  =  1 ,830  lbs . 

and  since  this  is  carried  by  two  guides 

thrust  per  guide  =  1 ,830 -^2  =  9,15  lbs. 

It  has  been  found  by  experiment  that  for  a  beam  fixed  at  ends  and  loaded 
in  the  middle* 


*NOTE. — Strictly  speaking,  the  beam  is  semi-jixed  because  of  the  bending  action  of  the 
bolts;  however  it  is  sufficiently  accurate  to  assume  the  "beam  as  fixed. 
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P  = 


3     /      • 


.(1) 


in  which  P=  breaking  load  in  lbs.;  R  =  modulus  of  rupture,  or  stress  per 
sq.  in.  of  extreme  fibre;  /= length,  Z>=  breadth,  ^  =  depth,  in  ins.;  For 
cast  iron,  the  value  of  R  varies  greatly  according  to  quality.  Thurston 
found  45,740  to  67,980  in  No.  2  and  No.  4  cast  iron  respectively. 

Now,  considering  the  guide  as  a  beam,  its  length  between  supports  (aa| 
in  fig.  3,265)  is  7  ins.,  depth,  2}^  ins.  and  breadth  %  in.  Substituting 
these  in  (1)  and  taking  R  at  50,000 


Figs.  3,266  and  3,267. — Admission  eccentric  and  strap  showing  hardened  45°  tooth  shifter 
block  at  top  of  slot. 


and 


P  =  |x5M20><MX(2i|)!  =26.786 


factor  of  safety  = 


breaking  load    ^26,786 
thrust  per  guide        915 


=29 


Variable  Cut  Off  and  Reverse  Gear. — For  obtaining  vari- 
able cut  off  and  reverse,  shifting  eccentrics  are  used,  and  it  was 
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some  problem  which  confronted  the  author  to  design  a  shifting 
mechanism  without  employing  an  extra  shaft,  that  is,  without 
having    admission  and  exhaust  eccentrics  on  separate  shafts. 

The  eccentrics  are  shifted  by  "rack  bars"  working  back  to  back  and 
having  teeth  at  45  °  meshing  with  similar  teeth  in  the  eccentric  slots.  These 
rack  bars  slide  in  a  hole  drilled  in  the  main  shaft,  the  eccentrics  being 
guided   by  grooves  or    ways  cut  in  two  companion  flanges  as  shown  in 


Figs.  3,268  and  3,269. — Exhaust  eccentric  and  strap  showing  hardened  45°  tooth  shifter 
block  at  bottom  of  slot. 


figs.  3,270  to  3,270/.  The  45°  teeth  method  of  shifting  is  not  new,  but  is 
used  on  some  traction  engines.  However,  the  method  of  locating  these 
bars  back  to  back  in  one  circular  hole  drilled  in  the  main  shaft,  and  the 
control  was  devised  by  the  author. 

There  is  but  one  control  lever  for  the  two  bars.  This  lever  is  permanent- 
ly connected  to^  the  admission  eccentric  shifter  arm,  and  is  provided 
with  a  latch,  which,  by  moving  the  lever  to  the  end  of  its  travel,  will  en- 
gage with  the  exhaust  eccentric  shifter  arm  by  releasing  the  button  on 
top  of  the  lever.     The  exhaust  p^ear  aiitomatioallv  looks  at  f^nrh  pnd  nf  fhf> 
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quadrant  by  a  ball  lock  (similar  to  that  used  in  automobile  transmissions) 
leaving  the  lever  free  to  be  placed  in  any  cut  up  off  position..  Thus,  in 
operating ,  the  control  lever  is  moved  to  the  end  of  the  quadrant  and  but- 
ton released  which  engages  the  exhaust  arm.  The  lever  is  then  moved  to 
the  other  end  of  the  quadrant  where  the  exhaust  arm  engages  with  the 
ball  lock.  By  pressing  down  the  button  on  top  the  lever,  it  is  released 
from  the  exhaust  arm  and  is  moved  back  to  the  desired  cut  off  position 
and  button  released  which  locks  lever  in  position. 


'4 IN.  BALL  ' 

BALL  REVERSE  LOCK 
'^       SCALE  HALF  SIZE 


¥^l 


<♦' 


'm 


%ml 


Figs.  3,270m  and  3,270w. — ^Variable  cut  off  and  reverse  lever  control  gear. 


Cross  Head. — This  is  a  very  simple  affair  consisting  of  a 
rectangular  piece  which  carries  the  wrist  pin  bearing  and  pro- 
vided with  a  neck  to  receive  the » piston  rod  as  in  figs.  3,270^ 
and  3,270(?. 

Calculating  for  strength, 
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area  piston  rod  =  1.49  sq.  in. 

and  making  each  arm  strong  enough  to  carry  Vio  of  the  load, 

area  each  arm  =  1 .49  X  .7  =  1 .04  sq.  ins. 

Make  arms,  say  2X/^  ins. 

The  ends  are  made  somewhat  thicker,  and  before  drawing  the  cross 
head ,  the  diameter  of  the  wrist  pin  must  be  determined  from  the  connect- 
ing rod  design.  The  neck  should  be  made  long  enough  for  ample  adjust- 
ment of  the  piston  rod.  ^  The  wrist  pin  bearing  has  wedge  adjustment, 
the  taper  of  the  wedge  being  13^  in.  per  ft. 


IZTHREIAOS 
VS  FLANGE 


^\\^ 


-1^4- 


^V 


--i- 


0. 


Figs.  3,270o  and  3,270^. — -Cross  head.  Since  rollers  are  used  to  transmit^ the  lateral  thrust  to 
the  guides,  there  are  no  gibs,  resulting  in  a  very  simple  cross  head,  it  being  virtually  the 
same  as  the  wrist  pin  end  of  a  familiar  type  of  connecting  rod. 


Connecting  Rod  and  Thrust  Rollers. — The  length  of 
connecting  rod  means  the  distance  between  centers  of  wrist  pin 
and  crank  pin  bearings.     Experience  has  generally  led  to   a 


NOTE. — The  area  of  the  cross  head  slipper  or  gib  (the  surface  on  which  the  thrust  is 
taken)  should  in  no  case  be  less  than  will  admit  of  a  pressure  of  400  lbs.  per  sq.  in.  and  for 
good  working  these  surfaces  which  take  th^  thrust  when  going  ahead  should,  be  sufficiently 
large  to  prevent  the  maximum  pressure  exceeding  100  lbs.  per  sq.  in.  When  the  surfaces  are 
kept  well  lubricated,  these  allowanc^es  may  be  exceeded. — Seaton, 

NOTE. — Some  British  builders  of  portable  engines  restrict  the  pressure  between  the 
guides  and  crossheads  to  less  than  40,  sometimes  35  lbs.  per  sq.  in. — Kent, 
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ratio  of  length  of  connecting  rod  to  length  of  stroke  of  2  or  23/^ 
to  1,  the  latter  giving,  according  to  Thurston,  a  long  and  easy 
working  rod,  the  former  a  rather  short,  but  yet  manageable  one. 
In  order  to  keep  down  the  height  of  engine,  which  is  of  prime 
importance  in  marine  work,  the  ratio  is  made  2  to  1,  making 
the  rod 

11X2  =  22  ins.  between  centers. 

The  rod  may  be  of  circular  or  rectangular  section.  For  medium  speed 
the  circular  form  is  generally  used,  and  for  high  speed  the  rectangular 
section,  because  this  form  gives  greater  stiffness  to  resist  bending  action 
due  to  inertia .  A  circular  rod  tapering  from  the  wrist  end  to  the  crank 
end  is  here  considered  adequate.  Calculating  for  strength,  maximum 
load  on  rod  at  125  lbs.  pressure  =  load  on  piston  =  7,094  lbs.  Proportion- 
ing rod  for  5,000  lbs.  per  sq.  in.  at  minimum  section,  and  3,000  lbs.  per 
sq.  in.  at  maximum  section,  then 

Area  minimum  section  =  7 ,094  -^ 5 ,000  =  1 .42  sq .  in . 
"     maximum     "        =7,094-^3,000  =  2.37  sq.  in. 

and  the  nearest  diameters  corresponding  (from  table)  are  respectively    1  % 
and  1  Ji  ins.  The  design  of  rod,  and  rollers  is  shown  in  figs.  3,270r  to  3,270g. 

Crank  End  of  Rod. — The  size  of  crank  pin  as  found  from  the  shaft 
design  is  3X4.  For  a  marine  type  end  secured  by  two  bolts,  each  bolt 
should  be  proportioned  to  carry  %  of  the  load  to  allow  for  improper 
adjustment.     Calculating   thus, 

?i  of  7,094  =4,729  lbs. 

For  a  stress  of  7,000  lbs.  per  sq.  in. 

area  of  bolt  at  root  of  thread  =  4,729 -^ 7, 000  =  .676  sq.  in. 

nearest  size  larger  (from  table)  is  1 3^  in. 

On  the  best  jobs  part  of  the  bolt  should  be  turned  down  to  the  diameter 
at  root  of  thread  because  this  makes  the  bolt  more  elastic  without  reducing 
its  strength  and  thus  renders  it  better  able  to  resist  repeated  shocks.  The 
cap  is  proportioned  as  a  beam  loaded  at  the  center  and  fixed  at  the  ends. 

Wrist  End  of  Rod. — According  to  Seaton  the  area  of  wrist  pin  cal- 
culated by  multiplying  the  diameter  by  length  of  pin  should  be  such  that 
the  pressure  does  not  exceed  1,200  lbs.  per  sq.  in.,  takmg  the  maximum 
load  on  the  piston  as  the  pressure  on  it.  The  author  believes  the  pressure 
should  not  exceed  1,000  lbs.  per  sq.  in.,  and  as  here  designed  it  is  some- 
what less  than  this,  because  the  wrist  pin  forms  the  bearing  for  the  roller 
axle  and  must  bt  made  rather  long  to  divide  up  the  distance  between  the 
rollers 
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The  design  begins  with  the  rollers,  the  diameter  of  which  must  correspond 
with  the  distance  between  the  guides  (obtained  from  fig.  3,259).  The 
wrist  pin  is  bored  to  receive  the  roller  axle  the  latter  being  fast  to  the 
rollers  and  turning  within  the  wrist  pin. 

The  wrist  pin  fits  into  the  connecting  rod  jaws  on  a  taper  and  is  secured 
by  a  nut.  On  each  side  of  the  jaws  a  section  of  the  rod  serves  as  a  bearing 
for  the  feed  and  air  pump  drive  rods,  as  shown. 

The  jaws  of  the  wrist  end  are  designed  for  the  same  stresses  as  the  arms 
of  the  wrist  pin. 

Shaft. — A  solid  double  forged  crank  is  used  as  in  figs.  3,270w 
and  3,270^.  While  this  is  more  expensive  than  a  built  up  crank 
it  makes  an  elegant  job  and  the  crank  arms  may  be  made  of 
less  breadth  which  make  available  more  room  for  the  main 
bearings . 

A  formula  given  by  Unwin  may  be  used  to  find  the  diameter  of  the  shaft: 

'^  =  4.55   ^1  (1) 

in  wifich  (Z  =  diameter  of  shaft;  H=  indicated  horse  power;  N=  revolu- 
tions per  minute.  In  using  the  formula  the  horse  power  should  be  taken 
at,  say  .50  instead  of  30,  as  by  lengthening  the  cutoff  the  horsepower 
may  be  greatly  increased.     Substituting  in  (1) 


NOTE. — Connecting  rod  ends.  For  a  connecting  rod  end  of  the  marine  type,  where 
the  end  is  secured  with  two  bolts,  each  bolt  should  be  proportioned  for  a  safe  tensile  strength 
equal  to  two-thirds  of  the  maximum  pull  or  thrust  in  the  connecting  rod.  The  cap  is  to  be  pro- 
portioned as  a  beam  loaded  with  the  maximum  pull  of  the  connecting  rod  and  supported  at 
both  ends.  The  calculation  should  be  made  for  rigidity  as  well  as  strength,  allowing  a  maxi- 
mum deflection  of  .01  inch.  For  a  strap  and  key  connecting  rod  end  the  strap  is  designed 
for  tensile  strength,  considering  that  two-thirds  of  the  pull  of  the  connecting  rod  may  come 
on  one  arm.  At  the  point  where  the  metal  is  slotted  for  the  key  and  gib,  the  straps  must 
be  thickened  to  make  the  cross  section  equal  to  that  of  the  remainder  of  the  strap.  Between 
the  end  of  the  strap  and  the  slot,  the  strap  is  liable  to  fail  in  double  shear,  and  sufficient  metal 
must  be  provided  at  the  end  to  prevent  such  failure.  The  breadth  of  the  key  is  generally  one- 
fourth  of  the  width  of  the  strap,  and  the  length  parallel  to  the  strap,  should  be  such  that  the 
cross  section  will  have  a  shearing  strength  equal  to  the  tensile  strength  of  the  section  of  the 
strap.  The  taper  of  the  key  is  generally  about  five-eighth's  inch  to  the  foot.  In  modem 
high  speed  engines  it  is  customary  to  make  the  connecting  rods  of  rectangular  instead  of  cir- 
cular section,  besides  being  parallel,  and  the  depth  increasing  regularly  from  the  cross  head 
end  to  the  crank  pin  end.  According  to  Grashof,  the  bending  action  of  the  rod  due  to 
its  inertia  is  greatest  at  .6  the  length  from  the  cross  head  end,  and,  according  to  this  theory, 
that  is  the  pioint  at  which  the  section  should  be  greatest,  although  in  practice  the  section  is 
made  greatest  at  the  crank  pin  end. 
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crank  pin  is  usually  made  the  same  diameter  as  the  shaft  and  proportioned 
for  a  load  of  500  lbs.  per  sq.  in.  of  projected  area.* 

For  a  3X4  pin,  the  projected  area  is  3X4  =  12  sq.  ins.  and 

load  =  load  on  piston -^  projected  area 

7,094  -^  12  =     591  lbs.  per  sq.  in. 

being  91  lbs.  in  excess  of  the  usual  allowance,  but  is  permissible  in  this 
case  because  the  normal  working  load  on  engine  is  considerably  less  than 
here  taken,  f 

According  to  Unwin  the  thickness  of  crank  may  be  from  .6  to  .8^,  and 
its  breadth  from  1.05  to  1.3^.     Accordingly 


.6X3  =  1.8,  say  l^ims. 
1.3X3  =  3.9,  say  4      ins. 


The  forward  end  of  the  shaft  is  provided  with  a  flange,  which  carries  a 
similar  flange  attached  by  three  bolts,  the  object  of  these  flanges  being 
to  hold  in  place  the  two  shifting  eccentrics.  The  grooves  of  these  flanges 
register  with  tongues  integral  with  the  eccentric  forming  guides  in  the 
direction  of  shift  and  together  with  the  bolts  preventing  any  angular  motion 
between  eccentrics  and  flanges. 

§Feed  Pump. — An  engine  driven  feed  pump  is  a  very  desir- 
able device  for  feeding  the  boiler  because  of  1,  its  compactness, 


§N0TE. — The  author  does  not  believe  in  independent  pumps  (either  feed  or  air)  especially 
on  small  or  medium  size  vessels;  because  of  1,  extra  space,  2,  extra  weight,  3,  unsatisfactory 
working,  4,  poor  efficiency,  of  the  independent  pump,  and  5,  because  two  pipe  lines  are  better 
than  four,  all  of  which  leave  little  or  no  room  for  argument  in  favor  of  independent  pumps. 


*N0TE. — Projected  area  means  the  area  obtained  by  multiplying  length  by  diameter 
of  pm. 


tNOTE. — ^The  designer  should  aim  at  obtaining  simple  dimensions;  it  would  indeed 
be  ridiculous  to  make  the  pin  say  3^6  X4>^  to  proportion  it  exactly  to  a  given  allowable 
working  pressure,  there  is  more  chance  of  making  mistakes  both  in  making  the  drawings 
and  in  building  the  engine. 


NOTE. — The  empirical  proportions  adopted  by  builders  for  the  crank  arm  will  com- 
monly be  found  to  fall  well  within  the  calculated  safe  margin.  These  proportions  are,  from 
the  practice  of  successful  designers  about  as  follows:  For  the  wrought  iron  crank,  the  hub 
is  1.75  to  1.8  times  the  least  diameter  of  the  inserted  portion  of  the  pin,  and  the  depths  are, 
for  the  hub  1  to  1.2  the  diam.  of  shaft,  and  for  the  eye,  1.25  to  1,5  the  diam.  of  pin.  The  web 
is  made  .7  to  .75  the  width  of  adjacent  hub  or  eye,  and  is  given  a  depth  of  .5  to  .6  that  of 
adjacent  hub  or  eye.  For  cast  iron  crank,  the  hub  and  eye  are  a  little  larger,  ranging  in 
diameter  respectively  from  1.8  to  .2  and  from  2  to  2.2  times  the  diameter  of  shaft  and  pin. 
The  flanges  are  made  at  each  end  of  nearly  the  full  depth  of  hub  or  eye.  Cast  iron  has,  how- 
ever, fallen  very  generally  into  disuse. — Thurston. 
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2,  light  weight,  3,  minimum  amount  of 
piping,  4,  automatic  speed  control,  etc. 
The  type  here  selected  is  the  single 
acting  plunger  driven  from  the  cross 
head  through  the  familiar  walking  beam 
transmission. 

To  calculate  the  size  required,  make 
capacity  sufficient  to  pump  twice  the  feed- 
water  and  allow  say  5%  for  slip,  that  is 


♦Capacity  of  pump  =  2(20X30)  +5%  = 
1,260  lbs.  per  hour 

water  per  minute  =  1, 260 -^ 60  =  21  lbs. 

The  pump  being  single  acting  makes  one 
delivery  stroke  per  revolution  of  the  engine 
and  at  250  rev.  per  minute,  hence 

water  per  delivery  stroke  =21  -^250  =  .084  lb. 

Assuming  a  hot  well  temperature  of  120° 
Fahr.,  1  cu.  ft.  of  water  @  120°  weighs  61.74 
lbs.,  hence  1  lb.  of  water  =  1,7284-61.74 
=  27.99  cu.  in.,  and  on  this  basis 

pump  displacement  per  delivery  stroke  = 
27.99X.084  =  2.35cu.  in. 


*N0TE. — ^The  factor  20  is  the  "expected"  consump- 
tion of  feed  v/ater  per  hour,  and  30  the  indicated  horse- 
power. 


Figs.  3,270y  and  3,2703. — Feed  pump.  Note  the  absence  of  air  chamber.  The  author,  who 
had  several  years'  experience  designing  large  pumps  for  city  water  works  found  that  the 
so-called  air  chambers  were  virtually  water  chambers,  because  unless  means  were  provided 
to  keep  them  filled  with  air,  they  soon  became  filled  with  waterand  ceased  to  perform  their 
function  of  cushioning  the  shocks.  Accordingly  such  device  is  here  dispensed  with,  and 
a  spring  cushion  provided  which  is  expected  to  absorb  the  shocks  even  at  hi^h  speed.  No 
valves  are  built  into  the  pump  casting,  a  tee  fitting  and  two  check  valves  bemg  used,  con- 
nected with  close  nipples. 
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Evidently  various  values  may  be  given  to  stroke  and  diameter  of  plun- 
ger to  obtain  the  required  displacement,  and  to  properly  choose  the  best 
ratio ,  a  table  should  be  made  (by  aid  of  slide  rule)  thus 

Feed  Pump  Sizes 

(for  2.35  cu.  in.  displacement  per  delivery  stroke) 


Diameter 

• 

M 

Vs 

^■>f6 

1 

Stroke 

0.35 

3.92 

4.54 

3 

The  next  step  is  to  make  a  center  line  ''layout''  of  the  driving 
gear,  and  in  doing  this  the  stroke  of  pump  will  depend  somewhat 
on  the  distance  between  the  engine  columns  and  cylinder  axis  and 
space  available  on  bed  plate  for  the  pump,  all  of  which  must 
be  considered  in  fixing  the  stroke.  The  size  of  pump  as  finally 
determined  is  %X43^,  the  stroke  being  a  little  over  a  half 
inch  in  excess  of  that  given  in  the  table  to  allow  for  lost  motion 
due  to  the  spring  cushion  devise  used  instead  of  an  air  chamber. 

The  size  of  pipe  inlet  to  pump  is  based  on  a  flow  of  250  ft .  per  minute , 
thus 

,.  _     21X27.99       ^_ 
*area  of  mlet  =  =  .196  sq.  m. 

Nearest  (larger)  size  pipe  (from  table)  is  ^  in.  (area  .304  sq.  in.). 
The  delivery  pipe  should  be  made  this  size,  and  the  suction  one  size  larger, 
or  M  in.     Figs.  3,270>'  and  3,2703  show  the  feed  pump  design. 

Feed  Pump  Drive. — This,  as  shown  on  figs.  3,271a  to  3,271/,  consists 
of  1,  connecting  rod  with  spring  cushion  ball  joint  on  plunger,  2,  walking 
beam,  and  3,  drive  rod.  In  proportioning  the  parts,  first  calculate  the 
load  on  the  plunger,  at  125  lbs.  pressure  thus: 

area  of  %  circle  from  table  =  .601  sq.  in. 
load  on  plunger  =  .601 X 125  =  75  lbs. 

For  a  load  of  5,000  lbs.  per  sq.  in. 

area  connecting  rod  at  root  of  thread  =  75 -i- 5, 000  =  .015  sq.  in. 

Nearest  larger  size  (from  table)  is  jiin.  (area  .027) — make  diameter  at 
ball  %  in.,  and  for  rigidity  increase  diameter  of  body  of  rod  to  say  %  in. 
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Fig.  3,271. — Front  view  of  engine 
showing  valve  gear  roller  cross  head, 
pumps,  etc.  The  general  propor- 
tions of  the  engine  are  here  clearly- 
seen.  Its  unusual  height  is  due  to 
the  long  stroke  employed  to  increase 
the  effectiveness  of  the  jacket.  The 
extra  width  of  the  bed  plate,  however, 
gives  a  footing  for  diagonal  braces 
which  make  the  frame  amply  stiff. 
Of  course,  in  design  a  less  extreme 
bore-stroke  ratio  may  be  employed. 
H  should  be  noted  that  the  roller 
cross  head  permits  of  a  very  short 
connecting  rod  (1.81  to  1),  thus 
leaving  room  for  a  longer  stroke  than 
would  otherwise  be  possible  without 
increasing  the  height .  The  long  stroke 
is  used,  because,  as  mentioned,  it  is 
more  efficient  than  a  short  stroke.  The 
reason  for  this,  as  explained  in  the 
discussion  of  the  steam  jacket  (pages 
1 ,655  to  1 ,657)  is  because  the  ratio  of 
the  jacketted  surfaces  to  the  cylinder 
volume  is  greater  with  the  long  stroke 
than  with  the  short  stroke.  Accessi- 
bility, This  is  an  important  consid- 
eration especially  with  engines  of 
small  or  medium  sizes.  The  designer 
should  aim  to  so  arrange  all  parts 
that  have  to  be  adjusted  or  oiledl^that 
they  will  be  easy  to  reach,  otherwise 
they  will  not  receive  proper  atten- 
tion. The  frame  here  used  is  the 
most  "open"  type,  and  as  seen  in 
this  view  and  in  fig.  3,271i,  the  parts 
can  be  easily  adjusted  with  ordinary 
wrenches.  In  general,  avoid  designs 
which  require  special  wrenches. 
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Consider  the  longer  arm  of  the  walking  beam  as  a  beam  fixed  at  one  end 
and  loaded  at  the  other,  then  using  the  formula 
^     1  Rbd^ 


"6      / 


.(1) 


and  taking  R  =  100,000  for  steel  forging,  6  =  3^,^  (effective)  =  1  and  /  =  6%, 
and  substituting  in  (1) 

^.Aoomxysxv  ^3^^^^^ (2^ 


DETAIL  OF  FEED  PUMP 
CONNECTING  ROD 
ONE  REQD. 


'.o^ 


I^    DETAIL  OF  FEED  AND  AIR  PUMP 
DRIVE  RODS   TWO  RE.QD. 


Figs.  3,271a  to  3,271/. — Feed  pump  drive,  consisting  of  connecting  rod,  walking  beam  and 
drive  rod.     The  same  design  drive  rod  is  used  for  both  feed  and  air  pumps. 
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Fig.  3,271/. — Side  view  of 
engine  showing  valve  gear, 
steam  and  exhaust  mani- 
folds, roller  thrust  bearing, 
etc.  In  general,  the 
designer  should  carefully 
go  over  a  completed  design 
m  an  effort  to  improve  on 
same  and  make  any  minor 
changes  necessary  to  this 
end .  This  is  why  there  are 
new  "models"  of  automo- 
biles, etc.,  each  year,  as 
the  inventive  instinct  of 
the  designer  is  constantly 
on  the  alert  to  improve  his 
creations.  Criticism,  The 
author  has  purposely  de- 
signed rather  awkward 
offset  eccentric  rods  to 
illustrate  ** interference.*' 
Here  straight  eccentric 
rods  would  in  their  move- 
ment come  in  contact  with 
the  lower  valve  heads,  A 
very  instructive  exercise 
for  the  student  would  be  to 
re-design  the  eccentric  drive 
so  as  to  avoid  these  offsets. 
There  are  numerous  ways 
in  which  this  can  be  done. 
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Now  the  ratio  of  walking  beam  arms  is 

6.72^2.75=2.44 

from  which  the  load  at  the  loaded  end  is 

75-^2.44  =  30.71bs. 

which  divided  by  the  result  in  (2)  gives  a  factor  of  safety  of 

310-^30.7  =  10 

but  the  metal  at  the  fixed  end,  being  at  some  distance  on  each  side  of  the 
neutral  axis  considerably  increases  the  factor  of  safety  over  that  just 
obtained,  which  is  ample. 

The  load  carried  on  the  drive  rod  is  30.7  lbs.  when  pumping  against 
125  lbs.  pressure,  and  for  a  5,000  lb.  stress, 

area  at  root   of  thread  =  30.7 -^ 5, 000  =  .006,   say,    .01   sq.   in. 

Now,  area  at  root  of  thread  for  smallest  size  given  in  table  (J^  in.)  is 
.027  sq.  in.  and  making  the  rod  }4  in.  diameter  will  give  ample  strength 
and  stiffness  besides.  The  very  large  bearing  at  the  wrist  pin  end  of  the 
.drive  rod  is  necessary  because  of  the  large  pin  diameter  required. 

Air  Pump. — The  object  of  this  pump  is  to  remove  from  the 
condenser  the  condensate  and  the  air  which  was  originally 
contained  in  the  water  when  it  entered  the  boiler.  Hence  the  size 
of  the  air  pump  must  be  calculated  from  these  conditions,  making 
allowance  for  the  efficiency  of  the  pump,  as  follows: 

*Volume  of  condensate  to  be  removed  per  delivery  stroke  of  pump  is 

20  V  '^O 

2X  |^^|^^=.08  lb.,  or  .08X27.99=2.24  cu.  in. 

Oridinarily  water  contains,  mechanically  mixed  with  it,  1/20  of  its 
volume  of  air  under  atmospheric  pressure,  hence  actual  vol.  of  water  to 
be    pumped  =  19/20  of  2.24  =  2.13  cu.  in. 

and  if  a  28  in.  vacuum  (  =  .943  lb.  abs.)  be  maintained  in  the  condenser, 
then  the  volume  of  air  after  expanding  in  the  condenser  (neglecting  tem- 
perature)    is 


*NOTE, — 20  =lbs.  steam  per  hour  per  i.h.p.;  30  =  i.h.p.;  60  =minutes  in  one  hour;  250  = 
r.p.tnj  multiplying  the  fraction  by  2  gives  condensate  per  stroke  instead  of  per  revolution;  be- 
cause the  pump  is  single  acting;  27.99  =  volume  in  cu.  in.  of  lbs,  of  condensate. 
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(V2oof2.13)X-y^  =  1.66cu. 


Now,  if  the  temperature  of  the  con- 
denser be  taken  at  120°,  and  the  initial 
temperature  of  the  feed  water  at  70, 
then 

quantity  of  air  =  1 .66  X^|^±^  =  i  .82 
7U-t-4oi 

and  the  total  volume  to  be  pumped  per 
delivery  stroke  is 

2.13+1.82  =  3.95  cu.in. 

and  taking  the  efficiency  of  the  pump 
at  35%,  then 

displacement  of  pump  =  3.95  X .35 
=  11.3  cu.  ins. 

Similarly  as  was  done  in  the  feed 
pump  calculation  make  a  table  (using 
slide  rule)  of  various  sizes  having  the 
displacement  just  found,  thus: 


NOTE. — In  designing  an  air  pump,  it  should 
be  remembered' that  the  work  done  depends  upon 
the  volume  of  air  and  water  delivered  against 
atmospheric  pressure,  and  not  upon  the  size  of  the 
Pump.  It  is  accordingly  not  objectionable  if  the 
pump  be  a  little  over  the  theoretical  size . 

NOTE. — In  designing  a  trunk  piston  single 
acting  pump  having  foot  valves,  it  should  be 
noted  that  the  pump  is  in  a  sense  double  acting. 
Thus  on  the  down  stroke  a  volume  is  discharged 
equal  to  the  sectional  area  of  trunk  multiplied 
by  the  stroke. 


Figs.  3, 27 It  and  S,271j. — **Zero  clearance" 

air  pump,  adapted  to  installations  where  the 
hot  well  inlet  is  below  the  level  of  the  air  pump 
discharge.  The  bucket  valve  is  always  under 
a  head  of  Water,  hence  is  water  sealed  at  all 
times.  The  arrangement  of  the  valves  per- 
mits of  practically  zero  clearance  by  close 
adjustment ,  hence  all  the  air  is  forced  out  of 
the  barrel  on  each  down  stroke,  thus  tending 
to  produce  the  maximum  vacuum.  In 
operation,  the  condensate  oozes  out  of  the 
multiplicity  of  small  holes  drilled  in  the  top 
of  the  hollow  plunger  and  flows  to  hot  well 
by  gravity.    The  stuffing  box  is  water  sealed. 
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Air  Pump  Sizes 

(for  11.3  cu.  in.  displacement  per  delivery  stroke) 


Diameter 

2 

2H 

2H 

2M 

3 

Stroke 

3.6 

2.85 

2.31 

1.91 

1.62 

Area  plunger 

3.14 

3.98 

4.91 

5.94 

7.1 

Now  make  a  center  line  layout  of  the  driving  gear  to  determine 
best  size  of  pump .     The  size  as  thus  determined  is  234  X  3 . 

In  the  design  figs.  S,271i  and  3,271j",  the  author's  aim  was  to  produce  a 
"zero  clearance"  pump  of  the  single  acting  plunger  type  having  foot  and 
bucket  valves  and  an  outlet  at  the  upper  end  of  the  plunger,  the  latter 
feature  making  it  necessary  that  the  discharge  inlet  to  hot  well  be  lower 
than  the  top  of  the  pump  barrel. 

The  valves  are  calculated  thus: 

plunger  speed  =  (3X2)  X250  =  1 ,500  ins.  per  minute 

and  a  flow  of  400  ft.  per  minute  past  valve  is  equal  to 


NOTE.-— TAie  efficiency  of  the  single  acting  vertical  air  pump  is  due  to  the  certainty 
of  its  actios  in  taking  the  water,  etc.,  through  the  bucket  valves,  and  to  the  valves  from  their 
position  so  readily  closing  when  required,  there  is  also  time  for  the  water  to  drain  into  the 
bottom  of  the  pump  on  its  uj)Stroke  and  it  is  collected  there  ready  for  the  bucket  when  it  de- 
scends. The  flow  is  always  in  one  direction,  so  that  the  velocity  of  flow  is  not  checked  by 
diversion.  The  water  always  lies  on  the  valves  so  as  to  render  them  air  tight,  and  there  is 
very  little  clearance  space,  as  a  rule,  between  the  foot  and  bucket  valves,  and  between  the 
bucket  and  head  valves.  The  want  of  efficiency  of  the  double  acting  horizontal  pump  is 
caused  by  the  reverse  of  some  of  the  above  conditions,  especially  by  the  failure  of  the  valves 
in  closing,  and  to  the  large  space  between  the  foot  and  delivery  valves,  also  by  leakage  at  the 
gland  of  the  rod  and  past  the  bucket  which  is  only  lubricated  by  the  water  on  the  bottom, 
and  in  no  small  degree  by  the  ever  changing  direction  of  flow.  The  latter  defect  is  proved 
by  stopping  one  end  of  the  pump ,  when  it  is  often  found  (especially  in  the  case  of  badly  designed 
pumps,  etc.)  that  the  vacuum  is  not  very  materially  altered.  The  foot  valves  are  sometimes 
kept  covered  with  water  by  allowing  the  water  to  pass  back  again  through  a  pipe  from  the 
hot  well  to  the  pump  chamber. — Seaton. 

NOTE. — The  capacity  of  the  air  pump  should  be  calculated  from  consideration  of  the 

conditions  under  which  it  is  to  work, 

and  suited  to  practice  by  an  allowance  made  for  the  efficiency  of  the  pump.  If  the  pump  be 
single  acting  and  well  designed,  and  is  working  under  favorable  conditions,  its  efficiency  may 
be  taken  at  .6;  and  if  the  reverse  of  this,  .4;  generally  its  efficiency  is  about  .5;  so  that  the  size 
in  practice  should  be  double  that  given  by  theoretical  calculation.  The  efficiency  of  the 
double  acting  pump  varies  from  .5  to  .3,  and  generally  is  not  more  than  .35;  the  size  for  good 
working  should  be  nearly  three  times  that  of  the  theoretical  calculations. — Seaton. 
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and  the  opening  to  give  this  flow,  or 

valve  area  =  11.3 -^9.6  =  1,18  sq.  ins. 
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CONNECTING  ROD 
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DETAIL  OF  AIR  PUMP 

WALKING  BEAM  LEVER5 

ONE  OF  EACH  REQD. 

^TAPEIR  PIN 


Figs.  3,271fe  to  3,271^.— Air  pump  drive.  Figs.  3,271fe  and  3,271Z.  connecting  rod;  figs.  3,271wt 
and  3,271n,  long  arm  of  walking  beam;  figs.  3,271^  and  3,271g,  short  arm  of  walking  beam. 
The  connecting  rod  is  the  same  design  as  used  for  the  feed  pump  (see  page  1,727.) 
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a  IJ^"  (flat)  valve  opening  J^  in.  will  give  this  area,  but  to  obtain  zero 
clearance  use  45**  bevel  valve  and  make  as  large  as  possible.  The  air 
pump  design  is  shown  in  figs.  3,271i  and  3,271;. 

Air  Pump  Drive. — This  is  very  similar  to  the  feed  pump  drive,  and  is 
of  the  same  proportions  as  the  loads  are  very  nearly  the  same,  thus,  area 
plunger  =  3.98  sq.  ins.  and  for  15  lbs.  pressure,  load  =  3.98X15  =60  lbs. 
as  compared  with  75  lbs.  for  the  feed  pump.  The  walking  beam  is,  how- 
ever, in  two  parts,  being  secured  to  the  shaft  by  taper  pins  and  it  is  nei 
sary  to  determine  the  size  of  these  pins,  thus 


.  .  pump  load  X  short  arm 

sheanng  load  on  pin  = -j-. — r r— Fl — 

**  ^  radius  beam  shaft 

=60X  ^  =   '-^^  =256  lbs. 
Tie  .44 


;C^^ 


using  only  half  of  this  load  or  128  lbs.  because  the  pin  is  in  double  shear 
and  for  a  stress  of  5,000  lbs.  per  sq.  in.  on  pin. 

mean  area  of  pin  =  128 -^ 5, 000  =  .026  sq.  in. 

Nearest  diameter  corresponding  (from  table)  is  ^{q. 

TJse  a  No.  4  pin  which  is  }^  in.  diameter  at  the  large  end. 


Allowable  Pressures  on  Bearings 

In  lbs.  per  sq.  in.  of  projected  surface,  according  to  Bragg^ 

Using  Mean  Loads                                                      Merchant  Naval 

Crank  pin 200  to     250  250  to     300 

Main  bearings , 200  to     350  250  to     500 

Using  Maximum  Loads 

Slipper  guide 60  to       80  70  to     100 

Crosshead  pins 850  to  1,200  1,200  to  1,800 

Link  block  pin 750  to  1,000  850  to  1,200 

Link  block  gibs 250  to     400  350  to     500 

Eccentric  rod  pins 700  to     950  900  to  1,100 

Drag  rod  pins 500  to     700  700  to     800 

Eccentrics 150  to     200  175  to     225 

Thrust  collars 50  to       80  80  to     100 


NOTE. — The  air  leakage  in  surface  condensers  is  an  extremely  variable  quantity  ranging 
from  1%  in  tight  condensers  to  25%  or  more  in  condensers  in  poor  condition.  The  average 
leakage  is  from  5  to  10%  of  the  volume  of  the  feed  water. 

NOTE. — In  the  Parsons  vacuum  augmenter  the  air  is  exhausted  from  the  condenser  by 
a  steam  jet  into  an  auxiliary  condenser.  The  dry  vacuum  pump  does  not  have  to  maintain 
the  high  vacuum  in  the  main  condenser,  as  the  vacuum  in  the  auxiliary  condenser  is  lower, 
hence  a  smaller  air  pump  may  be  used .  Steam  consumption  is  usually  from  .6  to  1  H%  of 
that  of  the  main  turbine.  The  net  saving  in  the  average  condenser  due  to  augmenter  is  about 
5%.    With  tight  condensers  the  saving  may  be  negligible. 
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ADDENDA  TO  CHAPTER  52 
PROPELLERS 


A  propeller  is  virtually  a  section  of  a  screw.  The  angle  of 
the  blades  determine  the  pitch  of  the  thread,  and  the  water  cor- 
responds to  the  nut  through  which  the  screw  travels. 

There  are  numerous  types  of  propeller,  designed  to  meet  the 
varied  conditions  of  service,  and  they  may  be  classed: 

1 .  With  respect  to  the  pitch  as 

a.     True  screw  (constant  pitch) 
h.     Variable  pitch 

2.  With  respect  to  the  number  of  blades,  as 

a.     Two  blade 
h.     Three  blade 
c.     Four  blade 

3.  With  respect  to  the  shape  of  the  blades,  as 

a.  Weedless 

h.  Elliptical 

c.  Round 

d.  Straight  tip 

4.  With  respect  to  construction,  as 

a.     Solid 
h.     Built  up 
c.     Reversible 

Slip. — In  the  case  of  a  screw  advancing  through  a  nut,  each 
revolution  will  produce  a  forward  travel  equal  to  the  pitch  of 
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the  screw.  With  a  propeller,  as  before  stated,  the  water  is  the 
nut  and  the  pitch  is  the  distance  it  would  advance  each  revolu- 
tion, if  there  were  no  slip.  In  practice  there  is  always  more  or 
less  slip. 

There  are  two  kinds  of  slip, 

1.  Real:  - 

2.  Apparent.  ^ 
The  real  slip  is  the  velocity  (relative  to  water  at  rest)   of  the 

water  projected  sternward. 


Fig.  3,271g. — Two  blade  round  tip  propeller. 

Fig.  3,271r. — Two  blade  round  tip  weedless  propeller.  This  type  propeller  will  clear  itself 
of  sea  weed  or  other  marine  growths  while  running  and  should  be  installed  as  close  to  the 
strut  or  stem  bearing  as  possible  to  prevent  weeds  gathering  on  the  propeller  shaft.  The 
rudder  should  be  tapered  off  on  its  forward  edge  below  the  propeller  shaft  so  that  the  weeds 
will  pass  under  the  rudder. 

The  apparent  slip  is  the  difference  between  the  speed  of  the 
boat  and  the  speed  of  the  propeller,  that  is,  the  product  of  the  pitch 
of  the  propeller  by  the  number  of  revolutions. 

Thus,  say  a  20X30  propeller  (20  in.  diameter  with  a  pitch  of  30  ins.) 
would  theoretically  travel  with  the  boat  30  ins.  per  revolution.  At  500 
r.p.m,  it  would  travel  in  one  minute  30X500-i-12  =  1,250  feet,  or  in  one 
hour  1,250X60-^5,280  =  14.2  miles— this  is  the  theoretical  speed  of  the 
propeller. 

//  should  be  carefully  noted  that  when  the  word  slip  is  used  unqualified 
it  means  the  apparent  slip. 
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Now  in  the  above  example  if  the  sHp  be  say  10%  then  the  distance 
travelled  by  the  boat  would  be 

14.2 X. 9  =  12.8  mile  per  hour, 

thus,  there  is  a  loss  of  14.2  —  12.8  =  1.4  miles  per  hour  due  to  the  10%  slip. 

The  apparent  slip  or  "slip"  is  sometimes  negative,  due  to  the  working 
of  the  propeller  in  disturbed  water  which  has  a  forward  velocity,  following 
the  ship.  Negative  apparent  slip  is  an  indication  that  the  propeller  is 
not  suited  to  the  lines  of  the  boat ,  or  to  a  lack  of  live  water  for  the  propeller 
to  work  in. 


ROUND  TIP 


Fig.  3,271s. — Three  blade  round  tip  propeller.  Some  atithorities  maintain  that  the  most 
important  working  surface  of  a  propeller  is  located  about  %  of  the  distance  out  from  the 
hub ,  and  that  the  greatest  driving  effort  is  exerted  from  that  point  to  the  end  of  the  blade; 
also  that  the  portion  toward  the  hub  develops  comparatively  little  driving  power  and  should 
therefore  be  designed  merely  for  strength  and  to  offer  the  least  stream  line  resistance. 

Fig.  3,271L — Three  blade  elliptical  tip  propeller.  The  elliptical  shape  is  favored  by  some 
because  the  blades  are  of  simple  outline,  the  contour  offering  a  smooth  curve  at  every  point, 
without  sharp  angles ,  and  permitting  the  advancing  edge  to  offer  minimum  resistance  in 
cutting  the  water  and  the  leaving  edge  to  allow  the  water  to  close  over  it  with  minimum 

■    chance  of  cavitaticni. 


Normal  and  Abnormal  Slip. — The  percentage  of  slip  varies 
considerably.  Assuming  the  propeller  used  is  correct  for  the 
installation,  normal  slip,  as  given  by  Hyde  Windlass  Co.,  is 
**from  15  to  25%  depending  upon  the  type  of  boat.  In  some 
cases,  however,  if  the  hull  of  the  boat  be  of  heavy  construction 
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and  of  bluff  lines,  a  slip   of  30%  is  common."     Evidently  this 
refers  to  gas  engine  installations,  because  gas  engines  usually  ^ 
run  at  speeds  too  high  for  good  propeller  efficiency.  fl 

Seaton  states  that  "the  slip  generally  should  be  about  8  to  10%  at  full 
speed  in  well  formed  vessels  with  moderately  fine  lines;  in  bluff  cargo 
boats,  it  rarely  exceeds  5%" — this  relates  to  steam  rigs,  and  the  wide 
difference  between  30  and  5%  slip  may  be  attributed  to  the  better  com- 
bination of  engine  speed  and  propeller  dimensions  in  the  case  of  the  steam 
engine. 


FLAT 
TIP 


Fig.  3,271m.— Three  blade  flat  tip  heavy 
duty  propeller,  for  boats  operating  against 
strong  tides,  currents  or  in  rough  weather 
against  strong  head  winds,  or  for  towing. 

Fig.  3,271i;.— Two  views  of  blade  of  a 
built  up  propeller.  This  construction  is 
desirable  for  large  propellers  to  reduce 
size  of  castings  and  permit  replacement  of  a  damaged  blade. 

According  to  one  manufacturer  of  propeller  wheels,  "the  best  results  are 
obtained  on  motor  boats  with  a  slip  of  from  15  to  25%." 

Pitch  Ratio. — By  definition,  the  pitch  ratio  is  the  ratio  of 
the  pitch  of  the  propeller  to  its  diameter, 

*Thus  in  a  20  X  30  propeller  the  pitch  ratio  =  30  -^  20  =  1 .5 

*NOTE. — It  should  be  remembered  in  stating  the  dimensions  of  a  propeller  that  the  diam- 
eter IS  given  first  and  then  the  pitch.  Thus  a  20  X 30  propeller  means  one  of  20  ins.  diameter 
and  30  ins.  pitch. 
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Light  hulls  which  drive  easily  may  be  fitted  with  propellers 
of  reasonably  high  pitch,  while  hydroplanes  and  extremely  light 
racing  boats  frequently  use  ratios  as  high  as  1.75  and  2. 

In  general  practice  a  ratio  higher  than  1.5  will  produce  abnomal  slip 
and  should  be  avoided.  A  safe  rule  is  the  heavier  the  hullj  the  lower  the 
pitch  ratio. 

Installations  have  been  made  on  extremely  heavy  scows  and  canal  boats 
where  a  ratio  as  low  as  .45  has  been  used  and  satisfactory  results  obtained. 

''Churning/' — For  a  heavy  working  boat  with  bluff  lines, 
the  resistance  of  the  water  in  front  is  so  great  that  a  propeller 
with  a  high  pitch  ratio  would  tend  merely  to  rotate  the  water 


BLADE 
COLLAR 
REVERSE  ROD 


DIAGONAL  SLOT 


OLLAR 
LADE. 

Pig.  3,271w. — Reversing  propeller.  In  construction,  the  shaft  is  hollow  to  receive  a  re- 
versing rod  on  the  end  of  which  is  a  pin.  The  pin  works  in  diagonal  slots  cut  into  collars, 
free  to  turn  in  the  hub  and  to  which  the  blades  are  attached.  In  reversing,  when  the 
reverse  rod  is  given  a  fore  or  aft  motion  the  pin  travels  in  the  diagonal  slots  thus  turning 
the  blades  and  reversing  the  pitch.  The  adaptation,  of  reversing  propellers  is  for  very- 
small  boats  and  can  be  regarded  as  not  much  more  than  a  makeshift,  as  it  is  difficult  to 
make  a  reversing  propeller  strong  enough  to  withstand  unusual  shocks. 

and  throw  it  off  the  ends  of  the  blades  instead  of  forcing  it  di- 
rectly astern.  This  action  is  called  *'  churning,"  and  in  the  case 
of  a  gas  engine  drive  is  usually  due  to  the  attempt  to  adapt 
the  propeller  to  the  speed  of  the  engine  instead  of  to  the  lines 
of  the  boat. 


Efifect  of  Dead  Wood  or  Skeg. — ^Another  cause  for  slip  is 
due  to  the  effect  of  the  skeg  in  obstructing  the  free  passage  of 
the  water  to  the  propeller. 
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The  water  is  broken  considerably  before  reaching  the  wheel,  and  ac- 
cordingly is  not  of  sufficient  solidity  for  the  wheel  to  act  upon  efficiently. 
To  overcome  this  the  skeg  is  usually  omitted,  especially  on  motor  boats, 
and  a  strut  installed,  thus  the  wheel  is  in  "solid"  or  live  water  as  it  is  called. 

In  many  cases  the  substitution  of  a  strut  instead  of  a  skeg  has  materially 
increased  the  speed  of  the  boat.  In  boats  having  a  thick  skeg  a  three 
blade  propeller  should  always  be  used  because  two  blades  are  always 
working  when  the  other  is  in  the  vertical  position. 

In  skeg  boats,  the  wheel  should  be  as  large  as  possible. 


Vibration. — There  are  only  three  possible  defects  in  a  pro- 
peller which  would  cause  vibration : 

1.  Not  properly  balanced; 

2.  Pitch  not  the  same  in  all  blades; 

3.  Not  centrally  bored. 


I 
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Vibration  may  occur:  1 ,  if  the  propeller  be  located  too  close  to  the  bot- 
tom of  the  boat,  2,  too  near  the  rudder,  3,  if  the  rudder  be  not  properly 
hung,  and  4,  if  the  propeller  be  too  large  for  the  engine. 

Blade  Area. — In  order  to  force  a  boat  ahead,  it  is  necessary 
for  the  propeller  to  act  against  a  certain  amount  of  water.  The 
area  of  the  cross  section  of  the  water  column  acted  upon  varies 
in  proportion  to  the  diameter  of  the  propeller  and  the  area  of 
the  blades. 

In  the  case  of  two  propellers  of  the  same  diameter,  it  is  readily 
seen  that  the  one  having  the  larger  area  acts  against  a  greater 
quantity  of  water.  A  narrow  bladed  propeller  will,  therefore, 
operate  at  a  slightly  higher  number  of  revolutions  than  a  wide 
bladed  one  of  the  same  diameter  and  pitch,  provided  both  are 
Df  the  same  general  design. 

The  determination  of  proper  blade  area  is  difficult  for  the  amateur,  as 
there  are  no  hard  and  fast  rules  to  govern  it. 

In  general,  a  heavy  or  hard  driving  boat  should  have  a  propeller  with 
a  large  blade  area,  especially  if  the  engine  turn  less  than  600  r.p.m.  Over 
800  r.p.m.,  a  wide  blade  is  likely  to  chum.     In  general  also  the  lighter 
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the  boat,  and  the  faster  the  engine  turns,  the  smaller  should, be  the  blade 
area. 

A  hydroplane  is  usually  a  hard  driving  boat  until  it  starts  to  plane. 
Accordingly  it  is  usually  necessary  to  use  a  wide  blade  propeller  to  force 
it  to  plane.  When  it  planes  it  drives  easily  and  the  propeller  turns  at 
extreme  speed.  If,  therefore,. a  narrow  blade  propeller  could  be  substi- 
tuted after  it  starts  to  plane,  better  speed  would  undoubtedly  result. 

Squatting. — When  the  stern  of  a  boat  squats  or  *'suck  sdown," 
it  can  sometimes  be  overcome  by  installing  a  propeller  with 
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Figs.  3,271a:  and  3,271y. — Shaft  coupling  as  designed  for  steamer  "5fornow>ajr  ///'  consisting 
of  two  castings  of  square  and  cylindrical  section ,  provided  with  a  key  and  held  firmly  to- 
gether around  the  shaft  by  numerous  bolts. 


narrow  blades  and  low  pitch  ratio.  Squatting,  however,  is  usu- 
ally due  to  the  stem  of  the  boat  being  too  narrow  to  offer  a 
sufficient  amount  of  buoyancy  when  the  boat  is  in  motion. 
Squatting  to  a  marked  degree  from  this  cause  is  noticed  in  the 
New  England  V  stem  dory. 

The  use  of  **squat  boards"  has  been  moderately  successful  in 
some  cases. 


Effective  Area  of  Propeller. — This  is  the  sectional  area  of 
the  stream  of  water  laid  hold  of  by  the  propeller,  and  is  generally, 
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if  not  always,  greater  than  the  actual 
area  or  area  of  a  circle  whose  diameter 
equals  diameter  of  the  propeller. 

The  ratio  of  effective  area  4- actual  area 
is  on  good  ordinary  examples  about  1.2 
and  sometimes  as  high  as  1.4;  a  fact 
(according  to  Rankine's  Ship  Building, 
p  89) ,  probably  due  to  the  stiffness  of  the 
water,  which  "communicates  motion 
laterally  amongst  its  particles."* 


(■ 
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Figs.  3 ,271z  to  3,273. — Inside  stuffing  box  as  designed  for  steamer  *' Stornoway  JI."  This  is 
virtually  the  same  box  as  shown  below  for  *' Stornoway  //*  except  that  the  gland  is  adjusted 
by  two  bolts  instead  of  a  screw  follower.  Bolt  adjustment  avoids  the  possibility  of  flooding 
in  case  follower  backs  off  the  thread.^  The  four  holes  f  or  lag  screws  should  be  bored  a  little 
larger  than  the  screws  to  permit  adjustment  in  lining  up  the  shafting. 


RUDDER 


}UTER  BEARING 

Vair  wate:r5 


INSIDE 
5TUFF1N0  BO^ 


Fig.  3,274. — ^After  section  of  steamer  Stornoway  I,  showing  inside  stuffing  box,  shaft  log, 
outer  bearing,  strut,  shaft ,  propeller  and  fair  waters. 

*N0TE. — Prof.  Jacobus  {Trans.  A.  S.  M.  E.  xi.  1028)  found  the  effective  area  ratio  to 
vary  from  1.2  for  steamer  Homer  Ramsdell  with  ordinary  true  pitch  propeller,  to  1.53  for 
ferry  boat  Bergan  at  speed  of  12.09  miles  per  hour,  ordinary  true  pitch  propeller. 


PROPELLERS 


l,732ib 


Example. — Determine  dimensions  of  pro- 
peller for  steamer  Stornoway  II,  with  power 
plant  consisting  of  the  engine  of  Chap.  52,  and 
boiler  of  Chap.  54,  for  operation  under  the  fol- 
lowing conditions:  42  horse  power;  350  r.p.m.; 
speed  12  miles  per  hour;  15%  slip. 

A  speed  of  12  miles  per  hour,  corresponds  to 

12X5,280       ,^.^.^  .     ^ 
=  1,056  ft.  per  minute 

60 


Vt2.X4  TAPER  PINS 

-4X 


Figs.  3,275  and  3,276. — Universal  joint  shaft  coupling  as  designed  for  steamer  Stornoway  //. 
Since  a  boat  is  not  a  rigid  structure,  it  is  continually  changing  its  shape,  especially  in  rough 
water,  hence  the  engine  shaft  and  propeller  shaft  cannot  be  expected  to  remain  in  alignment 
To  allow  for  this  and  avoid  the  excessive  friction  caused  by  the  two  shafts  being  out  of 
alignment  a,  universal  joint  should  be  used,  although  this  refinement  is  not  provided  in  or- 
dinary practice. 


or 

1 ,056  -^  350  =  3 .017  ft .  per  revolution 

hence  with  15%  sHp 

pitch  =  (3.017  X 12)  X 1 .15  =41 .6,  say  42  ins. 

To  determine  the  diameter,  the  designer  must  carefully  con- 
sider the  lines  of  the  boat  to  fix  a  value  for  the  pitch  ratio  which 
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Figs.  3,276a  to  3, 276/1  .—Drawings  of  UK  ft.X  16  ft.  built  up  propeller.    Expanded  blade 
area  63  «q.  ft.;  pitch  ratio  16  -^  14^  =1.1;  area  ratio,  63  -r-  (14H)'^X.7854  =  .38. 
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will  give  a  propeller  that  will  work 
with  the  given  slip.  If  the  ratio, 
in  his  judgment  be  say  1.5,  then 
diam .  propeller  =  42  -^  1 .5  =  28  ins. 
If  draught,  be  not  of  prime  im- 
portance, use  a  propeller  of  slight- 
ly larger  diameter  which  will  give 
less  slip. 


Figs.     3,276i     and\ 
3,276fe.— Pitch  with 
propeller  horizontal 
an  the  floor.       1st 
method:   1.  Mark 

off  the  face  of  the  .  ^    ^  , 

boss  into  twelve  equal  divisions.  2.  Take  a 
long  straight  edge,  and  place  it  in  line  with 
two  oppositely  placed  divisions,  as  at  position 

B.  3.  Take  another  straight  edge  (or  plumb 
line)  and  measure  the  distance  down  from 
the  long,  straight  edge  to  the  blade  surface 
at  a  radius  R,  taken  at,  say,  %  out  from  the 
boss  center.    4.  Shift  the  long  straight  edge 
through  one  division  of  the  boss  marks  (pr 
V12),  as   shown   at   position    C,   and  again^ 
measure  down  to  the  blade  surface.    5.  Sub-  * 
tract  the  two  measurements  in  inches,  and 
the  difference   is   the   mean   pitch   in  feet. 
That  is,  if  C  measures  20  ins.  and  B,  6  ins., 
then   20  —  G    =  14  which  is  pitch'  in  feet. 
This    method    can 
be  applied  to  the 
propeller       in       its 
usual    position    on  ^ 
the  shaft 

Fig.    3,276t.— Pitch 
with  propeller  hori- 
zontal on  the  floor  ^ 
2nd  method.     Fit 

up  two  set  squares  and  a 
horizontal  piece  of  wood 
as  shown,  at  a  suitable 
radius  R  (say  about  two- 
thirds  out  from  boss  to 
give  average  pitch);  then 
the  piece  of  pitch  P,  will 
be  obtained  by  the  \er- 
tical  measurement ,  and 
the  piece  of  circumference 

C,  by  the  horizontal  or 
floor  measurement.  And 
RX2X3.1416  =  full  cir- 
cumference at  radius  R.  To  find  corresponding  pitch:  C  X  full  circumference  =  PXfuU 
pitch,  from  which  full  pitch  =  full  circum.  XP  -^  C.  If  the  blades  have  a  varying  pitch, 
repeat  the  above  at  two  or  three  radial  positions,  and  take  the  average  pitch. 
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Propeller  Shaft  Tapers. — The  standard  propeller  shaft 
tapers  were  adopted  by  the  National  Association  of  Engine  and 
Boat  Mantifacturers  in  1914. 

Later  the  work  of  the  Standards  Committee  of  the  Association  was  taken 
over  by  the  Marine  Division  of  the  Standards  Committee  of  the  Society 
of  Automotive  Engineers,  who  quite  radically  revised  the  National 
Association  Standards  in  March,  1918. 

For  shafts  3  inches  diameter  or  smaller  the  standard  taper  is  %  inch 
diameter  per  foot ,  which  is  equivalent  to  ^g  inch  per  inch . 


LEFT   HAND  WHEEL 


RIGHT    HAND  WHEEL 


Fig.  3,276Z. — Right  and  left  hand  propellers.  If  the  propeller  revolve  clockwise  to  force  the 
boat  ahead  it  is  right  hand;  if  it  revolve  counter-clockwise,  it  is  left  hand.  Propellers  should 
be  installed  with  the  rotinding  or  convex  side  of  the  blade  toward  the  engine,  the  flat  side 
facing  aft. 

For  shafts  larger  than  3  inches  diameter  the  standard  taper  is  1  inch 
diameter  per  foot,  which  is  equivalent  to  J^g  i^ch  in  ^  of  an  inch. 

The  basis  for  the  length  of  taper  is  three  times  the  diameter  of  the  shaft, 
and  the  diameter  of  the  small  end  of  the  hole  in  the  propeller  hub  corres- 
ponds to  that  length  of  taper. 

The  actual  length  of  taper  on  the  shaft  is  made  slightly  shorter  than 
three  times  the  diameter  to  permit  the  tail  nut  to  be  screwed  tight  with- 
out striking  the  shoulder  at  the  end  of  the  taper. 

In  tapering  shafts  and  boring  propellers  it  is  necessary  to  work  accu- 
rately to  the  diameter  at  the  small  end  of  the  taper,  and  it  should  be  noted 
that  the  diameter  of  the  small  end  of  the  hole  in  the  hub  of  the  propeller 
should  be  smaller  than  the  diameter  of  the  shaft  at  the  small  end  of  the  taper. 
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CHAPTER  53 
HOT  AIR  ENGINES 


The  Medium. — The  utilization  of  the  expansion  of  heated 
air  for  driving  an  engine  has  for  many  years  been  a  subject 
which  has  exercised  the  ingenuity  of  inventors.  The  history  of 
hot  air  engines  includes  many  failures ;  there  are  certain  construc- 
tive difficulties  which  have  been  hard  to  overcome. 

As  a  medium  for  transforming  heat  into  work,  air  can  be  used 
with  safety  at  much  higher  temperatures  than  steam,  and  there- 
fore a  larger  proportion  of  the  heat  given  to  it  can  be  trans- 
formed into  work. 

Cycle  of  Operation. — The  action  of  hot  air  engines  consists 
in  admitting  the  air  at  a  high  temperature  and  pressure  to  the 
working  cylinder  and  allowing  it  to  perform  work  on  the  piston, 
thus  reducing  its  pressure  and  temperature,  when  it  is  either 
exhausted  into  the  atmosphere  and  a  fresh  supply  introduced, 
or  it  is  again  compressed,  and  heated  for  a  repetition  of  the  former 
process. 

Classes  of  Hot  Air  Engines. — The  principal  varieties  of  hot 
air  engine  may  be  classified  according  to  the  nature  of  the  work- 
ing cycle,  as  those  in  which : 

1.  Changes  of  temperature  take  place  at  a  pair  of  constant 
volumes: 
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2.  Changes  of  temperature  take  place  at  a  pair  of  constani 
pressures; 

3.  Heat  is  received  and  rejected  at  a  pair  of  constant  presj 


sures. 


The  first  two  classes,  fitted  with  economizers  are  in  theor 
perfect  engines,  that  is,  they  are  theoretically  capable  of  trans 
forming  into  work  the  largest  fraction  of  the  heat  received  froE 
the  fuel  that  the  limits  of  temperature  allow.     Those  of  the  third 


Fig.  3,276m, — Diagram  of  hot  air  engine  (the  type  improved  on  by  Rev.  James  Stirling) .  In 
construction,  DCABACDis  the  air  receiver  or  heating  and  cooUng  vessel;  G,  cylinder 
with  its  piston  H .  The  receiver  and  cyhnder  communicate  freely  through  nozzle  F ,  which  is 
always  open  during  operation.  _  Within  the  receiver  is  an  inner  receiver  or  lining  of  similar 
figure,  as  B  to  CC.  The  hemispherical  bottom  of  this  lining  is  pierced  with  many  small 
holes,  and  the  space  between  it  and  the  bottom  of  the  outer  receiver  is  vacant.  From  AA 
to  CC,  the  annular  space  between  the  outer  receiver  and  its  lining  contains  the  regenerator, 
being  a  grating  composed  of  a  series  of  thin  vertical  oblong  strips  of  metal  or  glass,  with 
narrow  passages  between  them.  The  inner  surface  of  the  cylindrical  part  of  the  lining,  from 
AA  up  to  CC,  is  turned,  and  the  plunger  E,  moves  vertically  up  and  down  within  it,  fitting 
easily,  so  as  to  leave  the  least  space  possible  without  causing  perceptible  friction.  This 
plunger  is  hollow ,  and  filled  with  brick  dust ,  or  some  such  slow  conductor  of  heat .  The  space 
from  CC  to  DD,  between  the  barrel  of  the  receiver  and  the  concave  part  of  its  cover,  and 
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class  are  not  perfect  engines,  but  possess  some  practical  features 
which  will  afterwards  be  explained. 

Most  hot  air  engines  are  very  bulky  for  the  power  developed  because 
they  are  so  designed  that  the  original  pressure  of  the  air  which  is  com- 
pressed and  heated  is  that  of  the  atmosphere.  If,  however,  the  working 
air  be  confined  in  the  machine,  and  originally  compressed  to  a  high  pres- 
sure, this  difficulty  disappears. 

Thus,  assuming  it  practicable  to  maintain  a  temperature  in  a  given  air 
engine  sufficient  to  double  the  original  pressure  of  the  air,  then,  if  the  air 
be  admitted  at  the  pressure  of  the  atmosphere,  the  available  pressure,  after 
heating,  would  be  14.7  lbs.  per  square  inch,  gauge  pressure. 

Again,  if  the  supply  of  air  be  drawn  from  a  reservoir,  in  which  the  pressure 
be  60  lbs.  per  square  inch,  the  effect  of  increasing  the  temperature  to  the  same 
point  as  in  the  former  case  would  be  to  double  the  original  pressure,  making 
it  120  lbs.  per  square  inch.  It  seems  strange  that  the  majority  of  inventors 
should  have  ignored  this  significant  principle,  and  that,  too,  in  the  face  of  the 
example  afforded  by  the  Sterling  engine  (one  of  the  first  air  engines),  which 
from  all  accounts  seems  to  have  been  very  successful  and  economical. 

Class  One. — To  illustrate  the  first  division  of  the  classifica- 
tion, the  engine  above  mentioned  is  given  as  an  example.  It 
was  invented  by  the  Rev.  Dr.  Sterling  in  1816,  and  subsequently 
improved  by  him  and  his  brother  James  Sterling  of  Edinburgh. 
The  same  mass  of  air  was  used  again  and  again,  and  compressed 
at  starting  to  a  pressure  of  7  to  10  atmospheres. 


Fig.  3,276m. — Text  continued. 

above  the  upper  edge  of  the  lining,  contains  the  refrigerator,  which  consists  of  a  horizontal 
coil  of  fine  copper  tube,  through  which  a  current  of  cold  water  is  forced  by  a  pump,  not  shown 
in  the  figure.  There  is  an  air  compressor,  not  shown,  which  forces  into  the  nozzle  F,  enough 
of  air  to  supply  the  loss  by^  leakage.  The  hemispherical  bottom  ABA,  of  the  receiver  forms 
the  heating  surface  which  is  exposed  to  the  furnace.  The  effect  of  the  alternate  motion  of 
the  plunger  E,  up  and  down  is  to  transfer  a  certain  mass  of  air,  which  may  be  called  the  work- 
ing air,  alternately  to  the  upper  and  lower  end  of  the  receiver,  by  making  it  pass  up  and  down 
through  the  regenerator  between  A  A  and  CC.  The  perforated  hemispherical  lining  of  the 
bottom  of  the  receiver  causes  a  diffusion  and  rapid  circulation  of  the  air  as  it  passes  into  the 
lower  end  of  the  receiver,  and  thus  facilitates  the  convection  of  heat  to  it,  for  the  purpose  of 
enabling  it  to  undergo  expansion,  during  which  expansion  it  lifts  the  piston  H.  The  descent 
of  the  plunger  causes  the  air  to  return  through  the  regenerator  to  the  upper  end  of  the  receiver 
It  leaves  the  greater  part  of  the  heat  corresponding  to  the  range  of  temperature  T^ — T^ 
stored  in  the  plates  of  the  regenerator.  The  remainder  of  that  heat  (being  the  heat  wasted 
by  the  imperfect  action  of  the  generator)  is  abstracted  by  the  refrigerator,  which  also  ab- 
stracts the  heat  produced  by  the  compression  of  the  air  when  the  piston  H,  descends.^  The 
heat  stored  in  the  generator  serves  to  raise  the  temperature  of  the  air,  when,  by  the  lifting 
of  the  plunger  E,  it  is  sent  back  to  the  lower  end  of  the  receiver.  The  mechanism  for  moving 
the  plunger  E ,  is  so  adjusted  that  the  up  stroke  of  that  plunger  takes  place  when  the  piston 
H,  is  at  or  near  the  beginning  of  its  forward  stroke,  and  the  down  stroke  of  the  plunger  when 
the  piston  H ,  is  at  or  near  the  beginning  of  its  back  stroke. 
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In  construction,  a  cylindrical  air  receiver,  in  which  a  plunger  could  be 
moved  up  and  down,  was  placed  over  the  fuel  of  the  furnace.  The  annular 
space  between  the  plunger  and  the  sides  of  the  receiver  was  occupied  by 
an  immense  number  of  thin  sheets  of  metal,  which  formed  the  economizer. 
In  the  upper  part  of  the  receiver,  which  communicated  with  one  end  of  a 
working  clyinder  of  the  usual  construction  was  a  refrigerator,  consisting  of  a 
coil  of  tubing  through  which  cold  water  circulated.  The  plunger  was 
alternately  raised  and  lowered  by  suitable  mechanism,  and  in  its  motion 
caused  the  great  body  of  air  in  the  machine  to  occupy  alternately  the 
heating  end,  and  the  cooling  end.  Power  was  thus  produced  by  the 
alternate  expansion  and  contraction  of  the  air. 


Fig.  3,276m. — Stirling's  hot  air  engine  showing  improved  heater  and  displacer.  This  engine 
worked  with  high  pressure  up  to  150  lbs.,  the  leakage  being  made  up  constantly  by  a  small 
pump,  /n  co/i«frac^ton,  C,  is  the  pipe,  to  working  cylinder,  A,  the  cold  end,  and  H.the 
hot  end  of  the  displacer  cylinder.  The  regenerator  R,  consisted  of  bundles  of  thin  sheet 
iron,  and  a  refrigerator  W,  consisted  of  copper  pipes  with  circulating  cold  water. 

Owing  to  the  great  pressure  under  which  the  engine  was  operated,  its 
size  for  a  given  horse  power  was  very  moderate.  It  was  ultimately  aban- 
doned, however,  because  of  the  failure  of  the  receiver  to  withstand  the 
destructive  action  of  the  heat. 


*NOTE. — Ericsson's  engine  is  interesting  chiefly  on  account  of  the  enormous  scale  on 
which  its  construction  was  actually  carried  out.  The  engines  of  the  steamship  "Ericsson" 
had  cylinders  each  14  feet  in  diameter  and  the  other  parts  in  proportion.  The  trials  of  this 
vessel  were  conducted  in  a  manner  which  did  not  allow  any  confidence  to  be  placed  in  the 
results  said  to  have  been  obtained,  and  steam  engines  replaced  those  of  Ericsson  within  two 
years. 
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Figs.  3,276o  and  3,276/>. — Sectional  views  showing  working  and  actual  ^construction  of  Rob- 
inson's hot  air  engine,  a  successful  English  type.  In  fig.  3, 276 o,  A,  is  the  air  chamber  in 
which  the  displacer  or  regenerator  B,  is  worked.  C,  is  the  heater  forming  the  lower  part 
of  this  chamber.  D,  is  a  jacket  or  water  space  through  which  water  or  other  fluid  circu- 
lates to  keep  the  upper  part  of  A,  cool,  or  a  coil  of  pipe  may  be  used  as  described  hereafter. 
A  rod  E,  or  its  equivalent  is  connected  to  the  displacer  or  regenerator,  and  this  rod  works 
air  tight  through  the  gland  F,  or  its  equivalent.  G,  is  the  working  cylinder  in  communi- 
cation with  the  chamber  A,  by  the  pipe  or  passage  H,  so  that  the  variations  of  pressure 
in  A,  act  upon  the  piston  I,  working  in  the  cylinder.  The  piston  I,  is  connected  by  a  con- 
necting rod  K,  to  the  crank  or  disc  pin  L,  and  shaft  M.  The  upward  or  downward  move- 
ment of  the  crank  pin  L,  is  communicated  to  the  displacer  or  regenerator _B,  by  means 
of  the  connecting  rod  K,  the  head  N,  and  the  rod  E,  while  at  the  proper  times  the  hori- 
zontal movement  of  the  piston  I,  drives  the  crank  pin  L,  shaft  M,  and  fly  wheel  O,  The 
connecting  rod  K,  works  through  the  head  N;  this  head  N,  is  jointed  into  the  rod  E,  by 
the  pin  P,  and  a  pin  Q,  with  adjustable  bolts  R,  or  their  equivalent  connect  a  friction  pulley 
or  its  equivalent  S,  into  the  head  N,  to  run  or  roll  upon  the  connecting  rod  K,  to  reduce 
friction .  A  coil  of  pipe  may  be  used  at  D ,  to  cool  the  upper  part  of  the  chamber  A.  V,  is 
the  fire  grate  shown  with  fire  bars,  but  a  burner  may  be  used  for  liquid  or  gaseous  fuels. 
The  displacer  or  regenerator  B,  is  formed  as  a  metal  casing,  preferably  of  iron  or  steel, 
with  openings  in  it  for  the  passage  of  air  in  the  directions  as  shown_  by  arrows  6,  and  this 
casing  is  filled  with  wire  gauze,  or  other  suitably  perforated  material,  through  which  the 
air  will  pass  and  lose  its  heat  on  the  down  stroke  and  take  up  heat  on  the  up  stroke.  The 
actual  construction  of  the  connecting  rods  are  shown  in  fig.  3,276^?. 


XOTE. — The  following  results  of  hot  air  engine  tests  are  given  by  Bryan  Donken: 


Engine 

Cylinder 

R.  P.  M. 

I.H.  P. 

B.H.  P. 

Lbs.  of  fuel 

I.H.  P. 

B.H.  P. 

Buckett 
Beni6r 
Bailey 
Rider 

24X16 

13.4X13.8 

14. 6X  6.9 

6.7X95 

61 
117 
106 

138 

20.2 
5.8 

2.4 
.81 

14. 
4. 
1.3 
.23 

1.8 
3.1 

4.2 

2.5 
3.6 

7.6 
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Class  Two. — The  most  familiar  example  of  the  vsecond  class 
of  hot  air  engine  is  that  invented  by  Captain  Ericsson,  and  which 
differed  from  Sterling's  in  many  respects. 

In  this  engine  fresh  air  was  admitted  to  the  compression  pump  at  the 
lowest  working  temperature,  and  compressed,  the  temperature  being  main- 
tained constant  by  the  action  of  some  refrigerating  apparatus. 

The  air  when  compressed  entered  a  receiver.  It  was  then  admitted  to 
the  working  cyHnder,  being  heated  in  its  passage  to  the  higher  temperature, 


Fig.  3,276<7.  Shaw  hot  air  engine.  There  are  two  working  cylinders  A,  each  single  acting, 
and  the  compressing  pumps  are  formed  by  trunks  on  the  upper  sides  of  the  pistons.  _  B  is 
one  of  the  pistons  and  B'  the  corresponding  trunk.  The  regenerator  is  in  therear  not  visible. 
Air  is  drawn  in  by  the  compressing  pump  through  the  valve  E,  and  forced  into  the  regener- 
ator and  furnace  through  the  valve  F.     P  is  the  exhaust  pipe. 

so  that  its  volume  was  increased,  and  the  pressure  kept  constant  under  the 
movement  of  the  piston. 

During  expansion,  the  temperature  of  the  air  was  maintained  constant 
at  the  higher  limit,  after  which  the  air  was  expelled  into  the  atmosphere 
giving  up  its  heat  to  the  economizer  to  be  used  in  heating  the  volume  next 
introduced. 


Class  Three. — An  example  of  the  third  class  of  hot  air  engines 
is  that  invented  by  Philander  Shaw.     Its  chief  feature  is  the  use 
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of  the  products  of  combustion  themselves,  instead  of  merely 
the  air  heated  by  them  to  drive  the  piston.  Much  heat  is  thus 
saved  which  in  other  engines  is  unavoidably  sent  up  the  chimney 
and  lost. 

In  construction,  the  working  piston  of  the  Shaw  engine  is  fitted  with  a 
trunk  on  its  upper  side,  which,  thus  reduced  in  area,  serves  as  a  compressing 
pump,  and  the  products  of  combustion  act  directly  upon  its  other  side. 

The  enclosed  furnace  has  means  for  feeding  it  without  allowing  any  air 
to  enter. 

The  air  compressed  by  the  pump  is  delivered  into  the  furnace  where  it 
combines  with  the  fuel  to  form  the  gases  of  combustion,  thus  receiving 
additional  heat,  expands  and  raises  the  piston  for  a  portion  of  the  stroke. 
The  admission  valve  is  then  closed,  and  the  gases  expand  without  additional 
heat,  until  the  piston  has  completed  its  stroke,  and  are  then  discharged 
into  the  atmosphere. 

The  addition  of  air  economizer  greatly  increases  the  efficiency  of  this  typ'e 
of  engine  but  its  principal  advantage  is  that  by  using  the  products  of  com- 
bustion inside  the  engine,  much  heat  is  saved  which  in  other  engines  is 
unavoidably  sent  up  the  chimney  and  lost. 

The  Economizer  and  Refrigerator. — If  in  the  operation  of 
a  hot  air  engine,  all  the  heat  which  is  necessary  to  raise  the  air 
to  the  required  temperature  be  thrown  away  or  lost  every  time 
the  air  is  cooled,  the  efficiency  of  the  engine  is  greatly  reduced. 
An  economizer  therefore  is  provided,  the  object  of  which  is  to 
store  up  the  heat  rejected  by  the  air  when  it  falls  in  temperature 
and  subsequently  to  raise  the  temperature  of  the  air  by  restoring 
the  same  heat,  so  that  the  only  heat  which  the  furnace  has  to 
supply  is  the  latent  heat  of  expansion,  together  with  the  amount 
of  sensible  heat  which  may  be  lost  through  the  imperfection  of 
the  economizer. 

When  in  the  operation  of  the  engine  it  is  necessary  to  cool  the 
air  after  it  has  been  brought  to  its  greatest  heat  it  is  not  at  once 
brought  into  contact  with  the  coldest  part  of  the  vessels.  This 
would  effectually  cool  it,  but  the  heat  when  thus  extracted  would 
be  entirely  lost,  because  it  could  never  again  be  taken  up  by  a 
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body  warmer  than  itself.     To  avoid  this  loss,  the  cooling  of  the 
air  is  accomplished  in  two  stages  by  means  of: 

1.  The  economizer;  and, 

2.  The  refrigerator. 

The  highly  heated  air  passes  from  the  cylinder  to  the  econo- 
mizer which  consists  of  a  multitude  of  narrow  passages,  whose 
temperature  at  the  cylinder  end  is  nearly  as  great  as  that  of  the 
hot  air,  but  which  gradually  declines  till  at  the  end  adjacent  to 
the  refrigerator  it  becomes  nearly  as  low  as  the  refrigerator. 
The  latter  is  simply  a  cylinder  in  which  the  compression  plunger 
works,  and  which  is  surrounded  by  a  jacket  through  which  cold 
water  circulates  to  cool  the  air  to  the  lowest  temperature  of 
the  cycle. 

When  two  bodies  of  unequal  temperature  come  in  contact  or 
near  each  other,  a  transfer  of  heat  will  take  place  from  the  hot 
body  to  the  colder  body,  the  air,  therefore,  when  it  enters  the 
narrow  passages  of  the  economizer,  will  give  out  a  portion  of  its 
lieat  even  to  the  hottest  part  of  these  passages,  and  in  its 
progress  through  the  economizer  will  continue  to  give  out  more 
and  more  heat  as  the  temperature  of  the  passages  is  diminished, 
till  finally  when  it  is  ready  to  escape  into  the  refrigerator,  there 
remains  only  a  small  portion  of  the  heat  to  be  extracted.  This 
is  absorbed  by  the  refrigerator.  The  greater  part  of  the  heat, 
therefore,  has  been  left  behind  in  the  thin  sheets  of  metal  which 
form  the  passages  of  the  economizer,  and  which  are  so  arranged 
as  to  retain  the  heat  until  the  now  cold  air  in  the  refrigerator 
is  compressed  and  sent  back  through  the  economizer  to  the 
cylinder. 

The  cold  air  on  its  return  through  the  economizer  comes  into 
contact  with  metal  that  is  hotter  than  itself  and  absorbs  pro- 
gressively, most  of  the  heat  which  it  gave  out  to  the  economizer 
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during  its  previous  passage.  In  passing  from  the  economizer  to 
the  cylinder,  therefore,  the  air  requires  but  a  small  amoun  t  of 
heat  to  give  it  the  elasticity  necessary  for  the  production  of 
power.  Hence,  instead  of  requiring  for  each  power  stroke  as 
much  heat  as  would  be  sufficient  to  raise  the  air  from  its  lowest 
to  its  highest  temperature,  it  is  necessary  to  furnish  only  as  much 
as  will  heat  it  in  the  same  number  of  degrees  by  which  the  hottest 
part  of  the  air  vessel  exceeds  the  hottest  part  of  the  intermediate 
passages. 

Use  of  Hot  Air  Engines. — The  practical  application  of  this 
type  of  engine  is  where  the  power  demands  are  light,  and  where 
there  is  an  abundance  of  cooling  water  for  the  refrigerator. 
The  hot  air  engine  is  confined  to  small  powers  on  account  of  its 
great  bulk  in  proportion  to  the  power  developed.  The  par- 
ticular field  of  its  usefulness  is  in  light  service  pumping  installa- 
tions, as  in  suburban  homes,  or  apartment  houses  where  the 
pressure  of  the  city  water  supply  is  insufficient  for  the  upper 
floors.  All  the  water  pumped  passes  around  the  refrigerator, 
hence  the  air  is  cooled  without  expense. 

The  small  fuel  consumption,  and  automatic  operation  are 
desirable  features;  where  gas  or  oil  fuel  is  used,  no  attention  is 
required  after  starting.  A  few  examples  of  modern  hot  air 
engines  will  now  be  given. 

The  Reeco-Ericsson  Engine. — A  sectional  view  of  this 
engine  is  shown  in  fig.  3,276r.  There  is  a  single  cylinder  1 ,  in  which 
is  a  power  piston  2,  and  a  transfer  plunger  3. 


NOTE. — In  a  test  of  vertical  double  cylinder  hot  air  engine,  the  results  obtained  gave 
20.19  I.H.P.  in  working  cylinder  and  11.38  I.H.P.  in  the  pump,  leaving  8.81  net  I.H.P.  The 
effective  brake  H.P.  was  5.9,  giving  a  mechanical  efficiency  of  67  per  cent.  Consumption  of 
coke,  3.7  lbs.  per  brake  H.P.  per  hour.  Mean  pressure  on  pistons  15.37  lbs.  per  sq.  in., 
and  in  pumps  15.9  lbs.,  the  area  of  working  cylinders  being  twice  that  of  the  pumps.  The  hot 
air  supplied  was  about  1,160°  Fahr.,  and  that  rejected  at  the  end  of  the  stroke  about  890°. 
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''t  S^e^tSS^S!  ^'^^:^^^1^^^^;^^  4.heater; 

ing  rod;  11.  bell  crank  liAk  12?ben  crank  '  13  bed  n^L  '  ^IT  ^^^*^^i  ""^^"^S'  l^.  connect- 
16,  pump  link;  17,  pump  chamber  irDumolli?,?-SQ!'  l^*  ^^  T^eel;^15.  air  piston  links; 
21,  suction  pipe;  22.  puSp  boTtor^';  23  C^2f  ^as'co^r^^^^^^^^  '^^li'^l'  l^'J^T^"^  chamber 
27.  crank  pm;  28.  heater  bolts;  29  trSfefoilton  rod  oroc  ^^^^H*  bracket;  26.  crank; 
the  lower  end  of  the  cylinder  has  beenSfficLnlll  L^.f/'^^l^-^tf^^i-  "  '"^  operation,  after 
the  engme  is  started  by  hand  by  gTv"ng  the  wh^f  o„e  n^^^^^  takes  only  a  few  minutes, 
tamed  in  the  machine  is  first  comprfssedlnthe^oldo^^^^  revolutions      The  air  con- 

to  the  lower  end.  where  it  is  heated  and  exoandpH  JS^c  ?  %^ylinder;  it  is  then  transferred 
like  all  other  hot  air  engines  irsiS-SJ^thPr^.^'''^.''^'^^^^^  ^T^^'  This  engine, 
the  .revolution  until  the  next  impulse- the  cvcl;  i^crS.^Tt'^i''^  °^  *^^  fly-wheel  continues 
air  IS  used  continuously.  ^^P-^^se.  tne  cycle  is  completed  in  one  revolution.    The  same 
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The  piston  receives  and  transmits  the  power,  and  the  plunger  transfers 
the  air  contained  in  the  machine  alternately,  and  at  the  proper  time,  from 
one  end  of  the  cylinder  to  the  other. 

The  cylinder  is  surrounded  at  its  upper  end  with  a  water  jacket,  or 
refrigerator,  through  which  all  the  water  passes  on  its  way  from  the  well 
to  the  tank.  This  keeps  the  upper  end  of  the  cylinder  cool,  while  the  lower 
end  is  exposed  to  the  fire  and  becomes  as  hot  as  it  is  practicable  to  make  it. 

By  the  peculiar  arrangement  of  connections  between  the  air  and  transfer 
pistons  the  proper  relative  motions  between  these  pistons  are  obtained. 

The  engine  operates  as  follows:  After  the  lower  end  of  the 
cylinder  has  been  sufficiently  heated,  the  engine  must  be  started 
by  hand  by  giving  it  one  or  two  revolutions.  The  air  contained 
in  the  machine  is  first  compressed  in  the  upper  end  or  cold  part 
of  the  cylinder;  it  is  then  transferred  to  the  lower  end  where  it 
is  quickly  heated  and  expanded,  thus  furnishing  the  power. 

This  engine,  like  all  other  hot  air  engines,  is  only  single  acting.  The 
momentum  of  the  fly  wheel  continues  the  revolution  until  it  receives  an 
additional  impulse  by  the  repetition  of  the  above  mentioned  conditions, 
which  occur  once  in  every  revolution.  The  same  air  is  used  continuously, 
and  is  cooled,  compressed,  heated  and  expanded  in  the  regular  order  and 
without  noise.  •* 

Performance  of  Reeco-Ericsson  Engines, 


Diameter  of 
cylinder. 

Cubic  ft.  of 
gas  per  hour. 

Quarts  of 
kerosene 
per  hour. 

Pounds  of 

anthracite 

coal  per  hour. 

Gallons  per 
hour  for  total 
head  of  50  feet. 

5  inch 

6  '• 
8     " 

10     " 

12 
16 
20 
50 

1 
2 
2 
3 

4 
4 
5 

6 

150 

300 

500 

1.000 

Directions  for  Setting  and  Running  the  "Reeco" 
Ericsson  Engine. — Place  the  engine  as  near  the  water  as  possible. 
The  engine,  except  when  a  deep  well  pump  is  used,  should  be  so 
placed  that  the  vertical  distance  from  the  foundation  on  which 
it  stands  to  the  surface  of  the  water  is  not  over  twenty  feet. 
These  engines  will  draw  water  as  high  as  any  fast  running  pump. 
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but  it  is  always  good  practice  to  set  a  pump  within  twenty 
(vertical)  of  the  water  where  it  is  possible  to  do  so. 

Foundation. — The  engine  should  stand  level,  and  any  kind  of  a  founda- 
tion may  be  used.  In  cases  where  coal  or  wood  furnaces  are  to  be  used, 
the  foundation  should  be  made  of  either  brick  or  cement. 

Water  Pipes, — The  pipes  should  be  ample  in  size.  The  size  that  these 
engines  are  tapped  for  is  as  follows:  ^  inch  for  5  inch  engine;  1  inch  for 
6  inch  engine;  IJ^  inch  for  8  inch  engine,  and  1}^  inch  for  10  inch  engine. 
These  sizes  will  answer,  provided  the  pipe  is  not  too  long ;  but  when  the  pipe 
is  long,  and  perhaps  crooked,  these  sizes  should  be  increased  one  size.  In 
piping  up  these  engines,  always  place  unions  close  to  the  engine,  both  on 
the  suction  and  discharge  pipe,  and  also,  when  using  gas,  on  the  gas  pipe. 
Also  arrange  for  draining  these  pipes,  so  that  all  the  water  may  be  drawn 
off  to  prevent  damage  by  freezing. 

Gas  Pipe  and  Operation  of  Burner. — In  setting  up  engine  with  gas 
furnace,  it  is  advisable  to  have  gas  pipe  sufficiently  large,  in  order  to  keep 
the  pressure  of  the  gas  up  to  its  proper  point  when  it  is  delivered  to  the 
burners,  otherwise  the  burners  will  not  work  satisfactorily.  The  proper 
size  pipe  is  }^  inch  for  5  inch  and  6  inch  engines;  %  inch  for  8  inch  and  10 
inch  engines.  These  sizes  will  answer  unless  the  pipes  be  long,  when  they 
should  be  increased. 

Connect  the  burner  with  the  gas  pipe  and  put  a  cock  in  the  gas  pipe 
within  one  foot  of  engine.  Regulate  the  supply  of  gas  by  opening  this  cock 
until  the  proper  flame  is  obtained.  There  are  two  holes  in  the  neck  of  the 
burner  and  two  corresponding  holes  in  the  movable  slide  on  the  brass  nipple. 
When  lighting  the  gas  or  turning  it  off,  the  proper  position  of  this  movable 
slide  is  with  the  holes  in  the  gas  burner  neck  covered  by  the  solid  part 
of  the  slide.  After  the  gas  is  lighted,  this  slide  should  be  turned  so  that  the 
holes  in  the  gas  burner  neck  are  opposite  the  holes  in  the  gas  burner  slide 
and  sufficiently  opened  to  admit  the  proper  quantity  of  air  to  have  the  gas 
bum  with  a  blue  flame. 

The  right  heat  is  obtained  from  a  blue  flame  and  the  engine  should  start 
in  from  ten  to  thirty  minutes  after  lighting  the  gas.  A  little  observation 
of  the  flame  will  teach  the  attendant  how  to  regulate  the  flame  so  as  to 
start  the  engine  in  the  shortest  time. 

Stove  Pipe  and  Draft. — A  good  draft  is  necessary,  particularly  when 
burning  coal.  The  proper  size  pipe  is  5  inch  for  5,  6  and  8  inch  engines, 
and  6  inch  for  10  inch  engine. 

For  burning  wood  it  is  not  necessary  to  have  the  draft  so  sharp  as  for 
burning  coal.  The  best  coal  to  use  is  anthracite,  chestnut  size.  If  the 
engine  is  to  be  placed  away  from  the  house  and  a  small  house  built  over 
it,  the  stove  pipe  should  run  up  about  10  feet,  more  or  less,  depending 
upon  the  nature  of  the  surrounding  objects,  such  as  trees  and  other  houses. 
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The  object  is  to  secure  a  good  draft  at  all  times  and  to  have  nothing  inter- 
fere with  it,  no  matter  in  what  direction  the  wind  may  blow.  A  damper 
must  be  put  in  every  stove  pipe. 

Firing. — Coal.iThe  fire  should  be  thin  and  bright;  too  much  coal  should 
not  be  put  on  at  once,  but  rather  a  small  quantity  and  oftener.  This  will 
keep  the  fire  at  a  uniform  heat  and  the  engine  at  a  uniform  speed.  Do  not 
overheat  the  bottom  of  the  engine.  This  may  be  determined  by  looking 
through  the  fire  door  and  shading  the  light  of  the  fire  from  the  bottom  of 
the  engine  by  a  fire  shovel  or  something  of  that  kind.  This  part  of  the 
engine  should  not  be  heated  above  a  dull  red  heat.  Wood. :  Any  kind  of 
wood  may  be  used,  and  it  is  difficult  to  damage  the  machine  by  overheating 
with  wood  fuel. 

Speed. — The  best  speed  to  run  these  engines  at  is  100  to  120  revolutions 
per  minute  for  the  5  inch  and  6  inch  engines,  and  about  80  to  110  revo- 
lutions per  minute  for  the  8  inch  and  10  inch  engines. 

Oiling, — All  the  working  parts  of  these  machines  need  a  few  drops  of 
oil  every  time  the  engine  is  run.  Do  not  use  much  oil  on  the  cylinder.  A 
swab  is  furnished  with  every  engine  and  should  be  used  for  oiling  the  inside 
of  the  cylinder  instead  of  applying  the  oil  from  the  squirt  can.  A  few 
drops  of  oil  should  also  be  put  around  the  transfer  piston  rod  where  it  works- 
through  the  leather  packing. 

Oil. — Special  oil  for  use  on  these  engines  can  be  obtained  from  the  manu- 
facturer, however,  a  mixture  of  one  part  sperm  oil  with  two  parts  of  good 
paraffin  oil  will  answer  if  used  sparingly. 

Starting. — Start  the  engine  as  soon  as  it  is  hot  enough  to  run.  Be 
particular  about  this,  otherwise  the  engine  will  be  unduly  heated,  and  per- 
haps damage  done.  While  the  engine  is  running,  the  heat  developed  by  the 
fire  is  being  utilized  to  heat  the  air  in  the  machine;  but  while  the  engine 
is  standing  this  is  not  going  on,  and  consequently  the  danger  of  over  heating 
is  much  greater  than  when  the  engine  is  running.  To  start  the  engine, 
turn  the  wheel  by  hand  in  such  a  direction  that  the  top  of  the  wheel  will 
turn  from  the  top  of  the  cylinder. 

If  the  engine  be  hot  enough  to  run  it  will  only  be  necessary  to  turn  it- 
by  hand  about  two  revolutions,  when  it  will  go  without  ahy  more  assistance. 

The  blow  off  cock  should  be  left  open  while  the  engine  is  being  heated 
up,  and  the  engine  turned  one  or  two  revolutions  before  closing  this  cock, 
in  order  to  expel  any  moisture,  etc.,  that  may  have  collected  inside  of  the 
cylinder  while  the  engine  has  been  standing  idle.  Shut  the  cock  when  the 
main  piston  is  at  the  top  of  its  stroke. 

Stopping. — To  stop  the  engine,  open  the  blow  off  cock  on  the  side  of  the 
cylinder  and,  unless  the  engine  is  very  hot,  it  will  stop  after  making  three  or 
four  revolutions.  This  cock  should  be  left  open  until  it  is  desired  to  start 
the  engine  again.     The  engine  should  not  be  stopped  for  any  length  of  time; 
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when  the  fire  is  burning  brightly  under  it.  If  it  become  necessary  to  keep 
the  engine  standing,  cover  the  fire  over  with  a  Httle  fresh  coal  and  leave 
the  fire  door  partly  open,  so  as  to  protect  the  bottom  of  the  engine  from 
becoming  unduly  heated.  The  engine  should  be  turned,  after  it  has  stopped, 
to  such  a  position  that  the  transfer  piston  will  be  at  the  top  of  its  stroke, 
and  left  standing  so  until  it  is  started  again. 

Packing. — The  packings  of  these  engines  are  leather  and  consist  of  one 
large  packing  in  the  main  or  air  piston  and  one  small  cup  shaped  packing 
on  the  transfer  piston  rod.  To  put  on  a  new  air  piston  packing  it  should 
be  first  well  soaked  in  oil  and  then  thoroughly  worked  m  the  hands  until 
it  becomes  soft  and  pliable.  Remove  the  air  piston  from  the  engine,  take 
off  the  old  packing  and  replace  it  with  the  new  one  with  the  flesh  side  of 
the  leather  upward  and  screw  all  the  bolts  down  securely.  Place  the  air 
piston  at  the  top  of  the  cylinder  and  work  the  edge  of  the  leather  down  into 

the  cylinder  being  careful 
to  avoid  any  puckers  or 
unevenness  which  would 
allow  the  air  to  escape. 
This  operation  requires 
only  a  little  care  to  do  it 
successfully. 

The  packing  on  the 
transfer^  piston  rod  is 
pressed  in  a  mould  to  the 
proper  shape.  Do  not  oil 
this  packing  before  put- 
ting it  on.  Screw  it  over 
the  threads  on  the  end  of 
the  transfer  piston  rod 
with  the  raised  side  up- 
ward. After  passing  the 
threads,  unscrew  the  pack- 
ing, remove  it,  reverse  it 
and  screw  it  down  to  its 
proper  position,  then  oil 
it.  This  method  insures 
the  packing  fitting  tighter 
and  lasting  longer. 

The  pump  rod  packing 
also  moulded  to  the 
proper  shape  and  has  a 
raised  center.  The  same 
method  of  putting  on 
the  pump  rod  packing 
should  be  followed  and  no 
oil  is  needed. 

Cleaning. — When  the 


Fig.  3,2765. — Wilmington  Ericsson  type  hot  air  engine 


HOT  AIR  ENGINES 


1,747 


5\0Z  ROD 
power:  PISTON 


Cylinder- 


^riTJ 


sugtionS^  r 

TRANSFER-f^ 
P\51QH   M 

HEATER 
POT 

GRATE 


Fig.  3,276f. — Sectional  view  of  Denney-Ericsson  hot  air  engine  with  names  of  parts. 


Fig  .  3  ,276m  . — Denney-Ericsson  hot  air  engine  deep  well  pump .  When  the  water  is  lower  than 
say  20  ft.  below  the  surface  of  the  ground  it  is  necessary  to  use  a  deep  well  pump  as  here 
shown.  In  this  case  the  engine  must  stand  close  to  the  well  and  in  such  a  position  that  the 
pump  rod  will  go  directly  from  the  engine  down  to  the  pump.  When  it  is  possible  to  do  so, 
these  pumps  should  be  lowered  into  the  water ^  so  as  to  avoid  any  work  on  the  suction  side. 
The  pipe  which  connects  the  pump  with  the  engine  is  made  sufficiently  large  for  the  pump 
rod  to  work  inside  of  it,  and  also  to  allow  sufficient  space  for  the  water  to  pass  upward.  It  is 
generally  preferable  to  cut  this  discharge  pipe  into  short  lengths — say ,  from  eight  to  ten  feet — ■ 
as  they  are  much  more  easily  handled.  The  pump  rod  is  made  of  pipe  or  wooden  rods,  as 
may  be  deemed  best .  These  sections  of  pipe  and  rod  are  screwed  together  as  they  are  lowered 
down,  it  being  unnecessary  to  go  into  the  well.  In  general  practice  the  extreme  depth  to 
which  pumps  may  be  lowered  is:  6  in.  engine,  30  ft.;  8  in.  engine,  60  ft.;  10  in.  engine,  1?5 
f  t .     It  is  not  usual  to  lower  pump  on  the  5  in .  engine . 
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engine  shows  signs  of  weakness  it  is  frequently  because  the  inside  of  the 
cylinder  has  become  foul  by  too  much  oiling  or  from  the  use  of  improper 
oil.  As  a  scale  thus  formed  on  the  inside  of  the  cylinder  and  on  the  outside 
of  the  transfer  piston  is  hard,  it  must  be  removed  by  scraping  and  care 
should  be  taken  to  remove  all  of  the  scale  and  dirt  which  falls  into  the 
bottom  of  the  heater.  Care  should  also  be  taken  not  to  damage  the 
surface  of  the  cylinder  or  the  transfer  piston  by  scraping  into  the  iron.  In 
replacing  the  transfer  piston,  see  that  it  is  properly  adjusted  by  the  nuts 
on  the  top  of  the  transfer  piston  rod  so  that  it  does  not  strike  on  the  down 
or  up  stroke.  To  properly  adjust  transfer  piston,  turn  the  wheel  until  the 
side  rods  are  at  the  highest  point,  then  draw  the  transfer  piston  up  until  it 
touches  the  bottom  of  the  air  piston,  drop  it  about  a  quarter  of  an  inch  and 
set  it  at  that  point,  with  the  nuts  on  the  top  of  the  rod. 

Heater, — If  the  heater  should  be  cracked,  it  becomes  apparent  through  the 
air  blowing  through  it  down  into  the  fire.  The  heater  should  be  renewed 
at  once,  or  the  transfer  piston  may  be  destroyed.  To  put  on  a  new  heater, 
first  remove  the  furnace;  then  take  off  the  old  heater.  Make  the  joint 
between  the  cylinder  and  heater  tight,  by  using  red  lead  mixed  with  oil 
and  spread  it  evenly  and  thin  all  around  the  recess  in  the  top  of  heater. 
Screw  up  all  the  bolts  evenly  by  tightening  up  on  opposite  bolts  and  go 
over  all  bolts  two  or  three  times  to  be  sure  that  they  are  tight.  Before 
replacing  the  furnace,  try  whether  or  not  the  joint  be  tight  by  turning  the 
wheel  backwards  about  half  a  revolution  so  as  to  put  a  little  compression 
on  the  air  in  the  machine  and  while  this  pressure  is  kept  in  the  engine, 
examine  the  joint  carefully  and  listen  for  any  leak.  This  joint  must  be 
perfectly  tight. 

Freezing. — To  prevent  damage  by  freezing,  all  water  should  be  drawn  off 
in  cold  weather.  Two  cocks  are  provided  for  this  purpose,  one  on  the 
pump  and  one  on  the  water  jacket,  and  these  cocks  should  be  kept  free 
from  sediment,  and  in  condition  to  use  at  all  times  by  cleaning  them 
occasionally  with  a  wire.  The  engine  should  be  turned  over  two  or  three 
times  by  hand,  after  the  water  ceases  to  run  out,  to  insure  getting  all  the 
water  out  of  the  upper  part  of  the  pump.  The  suction  and  discharge  pipes 
should  always  be  provided  with  drain  cocks,  in  order  that  they  may  be 
drained  in  exposed  places. 

Leaks. — These  engines  must  be  air  tight,  or  they  will  not  develop  the 
maximum  power.  They  are  frequently  run,  however,  with  a  leak  in  the 
air  piston  packing,  but  it  is  a  bad  practice  to  run  them  so,  and  when  a  leak 
develops,  new  packing  should  be  put  on.  The  transfer  piston  should  also 
be  air  tight;  that  is,  the  piston  itself.  If  for  any  reason,  such  as  over- 
heating, or  damage  from  any  cause,  it  leak  air,  the  engine  will  not  run, 
and  a  new  piston  will  have  to  be  put  in  before  the  engine  will  develop 
its  power. 

The  Reeco-Rider  Engine. — In  this  engine,  compression  and 
expansion  take  place  in  separate  cylinders.  Fig.  3,2761^  is  a  sec- 
tional view  showing  the  working  parts. 
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Fig.  3,276j;.— The  "Reeco"  Rider  hot  air  engine. 
There  are  two  cyHnders,  one  for  compression 
and  one  for  expansion.    The  cranks  are  placed 
at 95°.    After  starting  the  fire   and   raising 
the  heater  to  the  proper  temperature,  the  en- 
gine may  be  started  by  closing  the  pet  cock  on 
the  refrigerator,  and  turning 
the  fly  wheel  about  one  re- 
volution.    The  parts   are: 
A,  compression  cyUnder;  B, 
expansion  cylinder;  C,  com- 
pression  plunger;   D,  power 
plunger;    E,  refrigerator;  F, 
heater;    G,  telescope;  H, 
economizer;  I,  cranks;  J,  con- 
necting  rods;    K,    packings 
(leather);    L,    check    valve; 
placed  at  the  back  of  com- 
pression cylinder,  but  shown 
at  side  on  cut;  M, 
pumping  primer; 
N,  blow  off  cock; 
O,  knuckles;  P, 
heater  bolts;    R, 
economize  bonnet; 
S,  pump  valve;  T, 
water  jacket  to  pro- 
tect packing  from 
heat;  U,  pump  buc- 
kets V,  pump  gland. 
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The  compression  plunger  extends  downward  to  the  base  of  the  engine, 
closely  fitting  the  compression  cylinder  A,  which  also  extends  downward 
to  the  bottom  of  the  refrigerator  E.  The  lower  part  of  the  compression 
cylinder,  is  sufficiently  smaller  than  the  inside  shell  of  the  refrigerator  to 
form  a  thin  annular  passage  for  the  air,  which  becomes  thoroughly  cooled 
on  its  way  to  the  bottom,  and  through  which  passage  it  flows  on  its  way 
back  to  the  heater. 

The  power  plunger  D,  likewise  extends  downwards  into  the  heater  F, 
which  in  shape  resembles  the  bottom  of  a  champagne  bottle,  that  is,  rising 
in  the  center,  and  presenting  to  the  action  of  the  fire  a  narrow  annulus  all 
around  the  bottom. 

Within  this  heater  is  the  telescope  G,  which  is  a  thin  iron  cylinder,  about 
one-fourth  of  an  inch  less  in  diameter  than  the  interior  of  the  heater.  It 
is  fitted  to  the  interior  of  the  power  cylinder  B,  and  extends  nearly  to  the 
bottom  of  the  heater.  Its  office  is  to  cause  the  air,  which  flows  from  the  com- 
pression cylinder  to  be  presented  in  a  thin  sheet  all  around  the  interior 
surface  of  the  heater,  and  particularly  at  the  lower  and  hotter  portion. 
By  this  means  the  air  is  thoroughly  and  rapidly  heated. 

The  same  air  is  used 'continuously,  as  there  is  neither  influx  nor  escape,  the 
air  being  merely  shifted  from  one  cylinder  to  another. 

Between  the  compression  and  power  cylinders  is  situated  the  economizer 
H.  It  is  so  placed  between  the  cylinders  as  to  be  traversed  by  the  air  in  its 
passage  each  way  between  the  hot  and  cold  cylinders.  Thus,  the  heat  is 
alternately  abstracted  from,  and  returned  to  the  air  in  its  passage  back- 
ward and  forward,  imparting  economy  and  steadiness  of  power  to  the 
engine. 

L,  is  a  simple  check  valve  which  supplies  any  slight  leakage  of  air  whiuh 
may  occur.  It  is  placed  at  the  back  of  the  engine,  but  is  necessarily  shown 
(in  the  sectional  cut)  on  the  side.  The  other  portions  of  the  engine  are 
readily  understood  by  inspection  of  the  cut. 


The  engine  operates  as  follows:  After  starting  the  fire  and 
raising  the  heater  to  the  proper  temperature,  the  engine  may  be 
started  by  simply  closing  a  small  pet  cock  in  the  economizer  H, 
fig.3,276yand  turning  the  fly  wheel  about  one  revolution.  The 
effect  is  to  compress  the  cold  air  contained  in  the  compression 
cylinder  C,  to  about  one  third  of  its  normal  volume.  After 
reaching  this  point,  owing  to  the  cranks  being  at  95°,  the  power 
plunger  D,  begins  to  ascend,  while  the  compression  plunger  C,  is 
completing  the  downward  stroke  which  forces  the  air  into  the 
heater.     Since  the  displacement  in  the  compression  cylinder  is 
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equalized  by  the  receding  power  piston  there  is  no  noticeable 
change  of  volume. 

The  sudden  heating  of  the  compressed  air  quickly  raises  its 
temperature,  and  the  expansion  due  to  the  temperature  pro- 
duces a  great  increase  of  pressure,  which  forces  the  power  plunger 
to  the  end  of  the  up  stroke.  The  compression  piston  is  then 
5°  behind  half  stroke  and  moving  upward,  when  the  power 
plunger,  by  beginning  its  down  stroke,  transfers  the  expanded 
hot  air  through  the  economizer  into  the  refrigerator  or  com- 
pression cylinder,  at  or  slightly  below  atmospheric  pressure; 
in  the  latter  case  the  deficiency  is  supplied  by  the  check  valve 
L.  After  passing  the  upper  center,  the  compression  piston 
again  begins  its  descent  as  before. 

When  the  engine  is  to  be  stopped  it  is  only  necessary  to  open 
the  small  pet  cock  on  the  economizer  which  prevents  the  accumu- 
lation of  pressure. 


Performance  of  Reeco-Rider  Engines. 


Diameter  of 
cylinder. 

Cubic  ft.  of 
gas  per  hour. 

Quarts  of 
kerosene 
per  hour. 

Pounds  of 

Anthracite  coal 

per  hour. 

Gallons  per 
hour  for  total 
head  of  50  feet. 

5  inch 
•    6     " 
8     " 
10     " 

20 

70 

90 

100 

2 
3 
4 
5 

3 

4  to  5 

6  to  7 

7  to  8 

350 
1000 
2000 
3500 

Directions  for  Running  the  Reeco-Rider  Engine. — The  following 
instructions  will  be  found  helpful  in  the  management  of  this  engine. 

Firing. — If  gas  be  used  as  a  fuel,  do  not  apply  the  light  until  the  gas 
has  been  turned  on  three  seconds.  The  proper  heat  is  obtained  from  blue 
flame,  though  sometimes  it  is  necessary,  where  gas  is  deficient  in  heat, 
to  have  a  little  red  in  the  flame.  If  engine  rim  too  fast,  shut  off  the  gas 
until  the  proper  speed  is  obtained. 

If  coal  be  used,  the  fire  should  be  lighted  one-half  to  three-quarters  of 
an  hour  before  it  is  required  to  start  the  engine.  Use  anthracite  coal  of 
chestnut  size  if  it  can  be  obtained.  Other  kinds  of  fuel  will  answer,  but 
this  is  preferable. 
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When  the  engine  is  hot  enough  to  have  its  full  powers,  the  heater — thel 
casting  hanging  over  the  fire  marked  "F"  in  sectional  cut — should  be  a  d-iU 
cherry  red.  If  this  color  cannot  be  obtained,  the  draught  is  defective  or 
the  fuel  deficient  in  heat.  To  ascertain  whether  the  heater  is  red,  insert 
small  fire  shovel  in  the  fire  chamber  so  as  to  prevent  the  reflection  of  the 
flame  on  the  heater,  and  this  will  allow  you  to  see  whether  the  heater  is  hi 
red  or  not.  ^| 

Keep  a  thin,  bright  fire  when  the  engine  is  running.  Keep  the  ash  pit 
clean.  Do  not  allow  engine  to  stand  still  with  a  fire  in  it  and  the  draught 
wide  open.  Close  the  lower  and  open  the  top  door  whenever  your  engine 
stops,  even  for  five  minutes;  and  when  through  pumping,  open  top  door. 


If  the  engine  run  faster  than  desired,  open  the  top  door  a  little, 


Figs.  3,276u'  and  3,277. — Gas  pipe  connection.  A,  position  when  lighting  gas  or  turning  off;  B, 
position  while  gas  is  burning.  In  setting  up  one  of  these  engines  with  a  gas  furnace,  it  is 
advisable  to  have  gas  pipe  sufficiently  large,  in  order  to  keep  the  pressure  of  the  gas  up  to 
its  proper  point  when  it  is  delivered  to  the  burners,  otherwise  the  burners  will  not  work 
satisfactorily.  The  proper  size  is  3^  inch  for  5  inch  engine;  3^  inch  for  6  inch  engine;  M 
inch  for  8  inch  engine;  and  %  inch  for  10  inch  engine.  These  sizes  will  answer  unless  the 
pipes  are  long,  when  they  should  be  increased.  Connect  gas  pipe  to  threaded  end  of  A. 
Put  a  cock  in  gas  pipe,  within  one  or  two  feet  of  engine,  and  regulate  supply  of  gas  by  opening 
this  cock  until  the  proper  flame  is  obtained.  If  the  directions  concerning  the  position  A 
are  not  obeyed,  there  will  be  a  report  like  a  small  pistol  shot,  but  no  damage  will  be  done.  If 
position  B  is  not  kept  when  gas  has  been  lighted,  not  enough  heat  will  be  got  from  the  gas. 
The  right  heat  is  obtained  from  a  blue  flame,  and  engine  should  stait  in  from  ten  to  thirty 
minutes  after  lighting  gas.  A  little  observation  of  the  flame  will  teach  the  attendant  how  to 
start  the  engine  in  the  shortest  time. 


Oiling. — Never  use  lard  oil  or  any  gummy  oil.  An  excellent  mixture 
is  a  compound  of  paraffin  and  sperm  oils,  in  the  proportion  of  two  parts 
of  the  former  to  one  of  the  latter.  The  manufacturer  recommends  an  oil 
known  as  "Rider  Engine  Oil,  No.  20." 

Oil  the  engine  every  time  it  is  used,  but  apply  only  just  enough  to  the 
pistons  to  keep  them  always  bright.  Too  much  oil  is  injurious,  as  well 
as  wasteful. 

Never  allow  the  oil  cups  to  get  empty.  Be  sure  that  the  end  of  the  wick 
passes  down  the  tube  to  the  shaft  or  pin.     A  few  drops  of  oil  should  be  put 
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Cleaning, — The  effect  of  neglect  to  keep  the  interior  of  the  engine  clean  is 
to  greatly  increase  the  friction ^  whereby  much  of  the  power  of  the  engine  is  lost, 
and  consequent  overheating  must  he  resorted  to  to  make  the  engine  continue 
to  work  effectively.  Continuance  in  this  overheating  will  result  in  burning 
out  the  heater.  This  will  never  happen  if  the  instructions  in  regard  to'cleaning 
be  observed. 

When  the  engine  is  in  need  of  cleaning,  it  requires  a  heavier  fire  and 
longer  time  to  get  it  in  operation.  It  also  will  be  apparent  by  the  diffi- 
culty experienced  in  starting,  as  the  hot  piston  will  show  a  tendency  to 
stick  in  the  bottom  of  the  cylinder.  This  may  be  seen  when  the  engine  is 
cold  by  noting  whether  the  wheel  can  be  turned  round  freely  with  the  air 
cock  open.     If  not,  the  engine  should  be  cleaned. 

To  clean  the  inside  of  the  engine,  disconnect  the  connecting  rods,  remove 
the  wheel  and  leather  packings;  the  pistons  may  then  be  drawn  out  and 
scraped  thoroughly.  In  scraping  the  inside  ©f  the  hot  cylinder,  be  very 
careful  not  to  allow  any  of  the  dirt  to  get  down  into  the  narrow  part  of  the 
heater.  This  can  be  prevented  by  stuffing  waste  or  rags  into  the  heater, 
and  removing  all  scrapings  with  the  rags  after  cleaning  the  cylinder.  It 
is  best  to  put  in  two  or  three  layers  of  rags,  making  sure  they  touch  the 
interior  surface  of  the  telescope,  so  that  any  dirt  accidentally  falling  off 
in  removing  the  first  layer  will  be  caught  on  the  second,  and  so  on. 

In  replacing  the  piston,  see  that  it  is  not  turned  around. 

The  Refrigerating  Plates. — These  must  be  thoroughly  cleaned  of  all 
grease.  They  are  contained  in  the  passage  between  the  cylinders.  The 
grease  usually  accumulates  on  the  "cold"  end.  The  compression  piston 
seldom  requires  cleaning. 

Pump, — There  is  a  small  air  cock  in  bottom  of  pump.  If  the  air  barrel 
should  fill  with  water,  it  may  be  recharged  with  air  by  opening  this  cock 
(with  water  shut  off)  for  a  few  moments  while  engine  is  in  motion.  Should 
the  pump  leathers  or  "buckets"  swell,  it  will  make  the  engine  labor  and 
sometimes  prevent  its  working.  In  this  case,  take  out  pump  rod  and  trim 
down  buckets  with  sharp  knife  until  the  rod  will  sink  to  bottom  of  pump 
tube  by  its  own  weight.  It  may  be  necessary  to  prime  the  pump  for  a  few 
times  at  first  until  the  valves  get  thoroughly  seated  and  the  leather  soft 
(except  when  the  water  flows  into  the  oump  from  the  main  or  other  head). 
A  priming  cup  is  attached  to  top  of  pump  for  this  purpose  on  engines 
pumping  from  wells  or  other  places  where  water  does  not  flow  into  the  pump. 

Before  starting  engine  the  first  time,  the  valves  of  pump  should  always  be 
taken  out  and  scraped  clean,  as,  after  being  tested  at  the  Works,  the  valves 
sometimes  "seat"  too  tight.  If  this  be  not  done,  it  may  be  impossible  to 
draw  water.  Should  a  deep  well  pump  ever  fail  to  deliver  the  water, 
unless  the  buckets  are  worn  out,  it  will  be  on  account  of  this. 

Starting, — Standing  at  the  fire  door,  pull  down  on  the  fly  wheel  till 
the  hot  piston  is  raised  a  few  inches ;  then  reverse  the  motion  till  the  spring 
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of  the  air  offers  resistance,  when  the  forward  motion  can  be  easily  made.^ 
When  the  pistons  balance  at  the  upper  part  of  their  stroke,  they  will  come 
4own  without  help  till  the  hot  piston  is  nearly  at  the  bottom. 

A //«/e  air  being  now  let  out,  by  opening  the  cock  at  the  bottom  of  cold  cylinder, 
the  crank  on  the  hot  end  will  stand  vertically  downwards.  Shut  the  cock  and  pull  the 
wheel  past  this  point  of  the  greatest  compression,  and  the  engine  will  start  ofiE  at  once 
if  sufficiently  hot.     This  is  not  necessary  in  starting  the  small  sizes. 

Stopping. — To  stop  the  engine,  open  brass  cock  in  end  of  bed  plate 
under  compression  cylinder. 

Heater, — If  the  heater  should  be  burned  (or  cracked) ,  it  becomes  appar- 
^ent  through  the  air  blowing  through  down  on  the  fire. 

The  heater  should  be  renewed  at  once,  for  if  overfiring  be  persisted  in,  the 
"telescope"  will  be  warped.  To  replace  the  heater,  open  the  fire  jacket  and  take  off. 
Then  remove  heater,  which  is  held  in  place  by  bolts  (marked  F,  on  sectional  cut)  and 
make  joint  for  new  heater  of  asbestos  and  pasty  red  lead.  Sci-ew  bolts  up  tight,  and 
do  not  put  fire  into  engine  for  five  hours.  The  telescope  is  held  in  place  by  screws.  In 
putting  back  these  screws,  be  particular  in  observing  that  no  air  leaks  past  them. 

Check  Valve, — The  supply  or  check  valve  projects  from  the  back  of  the 
compression  cylinder,  and  must  always  be  kept  in  a  vertical  position  with 
opening  at  bottom. 

It  must  be  kept  tight  and  free,  in  order  that  the  air 
may  be  taken  in  through  it  to  supply  any  leakage. 
Should  a  hissing  noise  be  heard  about  it,  the  air  is  escap- 
ing through  it.     Take  apart  and  clean  with  clean  rag. 


Fig.  3,277a. — Reeco-Rider  connecting  rod.  It  would  be  well  to  take  the  key  E  out,  so  that  its 
action  and  the  construction  of  the  connecting  rod  may  be  fully  understood.  It  will  be  seen 
that  it  is  wedge  shaped,  one  side  acting  on  the  upper  brass  C,  the  other  on  the  lower  brass  D, 
through  the  intervention  of  a  rod  B ,  passing  through  the  iron  tube  A,  which  connects  the  two 
brasses  or  ends  of  connecting  rod.  Replace  the  key  with  the  straight  edge  up ,  and  tap  lightly 
till  it  bears  upon  both  its  edges.  Use  no  force  in  this  operation.  Next,  screw  up  the  nut  G 
on  the  small  end  of  the  key  till  it  bears  on  the  washer.  This  can  probably  be  done  with  the 
fingers.  Then  screw  up  the  nut  F  on  the  broad  end  with  a  wrench,  which  will  slightly  with- 
draw the  key.  Be  particular  to  always  adjust  the  keys  in  this  manner,  otherwise  they  will 
be  too_  tight.  Should  it  become  necessary  to  remove  the  connecting  rods  from  the  pistons 
(to  adjust  the  brasses),  it  can  be  done  by  unscrewing  the  tap  bolts,  which  hold  the  knuckle 
to  the  piston.     A  long  socket  wrench  is  furnished  with  each  engine  for  this  purpose. 

Waste  Pipe  on  Hot  Cylinder, — The  use  of  this  small  pipe  is  to  keep 
the  piston  packings  moderately  cool. 

The  water  need  only  be  allowed  to  drip  out  slowly,  so  that  the  packings  never 
approach  a  boiling  temperature,  as  the  leather  will  not  suffer  injury  below  the  boiling 
heat  of  water.     The  small  cock  on  the  front  of  the  engine  regulates  this  waste . 

Caution, — In  cold  weather  always  open  the  cocks  in  bottom  of  com- 
pression cylinder  and  in  bottom  of  pump. 

If  this  be  not  done,  the  frost  may  crack  those  parts.  If  a  hissing  noise  be  heard 
about  the  engine,  it  indicates  an  escape  of  air.  The  leak  should  be  found  and  stopped 
immediately,  or  a  larger  fire  will  be  required,  which  will  in  time  damage  the  heater. 
This  is  vitally  important. 

Keep  the  engine  wiped  clean.  Five  minutes  a  day  thus  spent  will  not  be  wasted 
time.  Avoid  any  lost  motion  in  the  connecting  rods,  as  it  is  accompanied  by  both 
noise  and  wear  of  the  brasses. 
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pocket,  def.,  1,527. 

resistance,  1,568. 
altitude,  effects,  1,573. 
angle  of  incidence,  1,527,  1,545. 
aspect  ratio,  1,529,  1,568. 
banking,  1,529,  1,579. 
biplane,  frame,  const.,  ills.,  1,538. 

pusher.  Burgess,  ills.,  1,531. 
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Wittemann- Lewis,  ills.,  1,532. 
body,  1,529. 
camber,  1,529,  1,545. 
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chord,  1,529,  1,545. 
classification,  1,542. 
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control,  1,529,  1,551. 

Deperdussin,  ills.,  1,554. 

directional,  1,563. 

wheel,  ills.,  1,554. 
corkscrew  dive,  ills.,  1,582. 
cranking,  method,  1,574. 
critical  angle,  def.,  1,529. 
cylinders,  ills.,  1,588. 
decalage,  1,530. 

Deperdussin  control,  ills.,  1,5.54. 
deviation,  causes,  diag.,  1,573. 
dihedral  angle,  ills.,  1,555,  1,571. 
directional  control,  1,563. 
down  control,  1,551. 
drift,  1,530,  1,549. 

set,  Sperry,  ills.,  1,548. 

wires,  def.,  1,530. 
effective  surface,  1,558. 
elevator,  1,530. 


Aeroplane(s) , — Continued 

engine,  adjustments,  1,604. 

carburetter,  1,597. 

care  and  operation,  1,602. 

cooling  methods,  1,596. 

cylinders,  1,587. 

fuel  supply,  1,598. 

Hall-Scott,  ills.,  1,604. 

radiator,  1,596-1,598. 

ignition,  1,599. 

Dixie  magneto,  1,600,  1,601. 

Gnome,  1,591,  1,594,  1,602. 

Liberty,  1,587-1, 588b. 

lubrication,  1,606. 

preparing  for  service,  1,603. 

radial,  1,589,  1.590. 

rotating,  1,590-1,595. 

six  cylinder,  1,590. 

starting,  1,607,  1,609,  1,610. 

stopping,  1,610. 

Sturtevant,  ills.,  1,603.^ 

inlet  and  exhaust,  ills.,  1,607. 
oil  pressure  relief,  1,608. 
rotating  engine,  1,592. 
timing  chart,  1,604. 

vertical  cylinder,  1,589. 
equilibrium,  diag.,  1,568,  1,569. 
fineness  ratio,  1,530. 
flans,  1,530. 

flight,  mechanics,  1,565. 
flying,  climbing,  1,579. 

diving,  1,578,  1  582. 

gliding,  diag.,  1,577. 

looping,  1,581. 

preliminary  inspection,  1,574. 

recovery,  1,575. 

stalling;  1,575. 

starting,  1,575. 

turning,  1,579. 

upside  down,  diag.,  1,577. 

wires,  1,530. 
forces,  acting  on,  1,568. 
frame,  biplane,  ills.,  1,538. 

rear  end,  ills.,  1,541. 
fuselage,  1,530. 
guys,  1,530,  1,545. 
gliding  angle,  1,530. 
hangar,  1,530. 
horns,  1,530. 
horizontal,  pin,  1,530. 

stabilizers,  1,530,  1,551. 
hydro,  Curtiss,  ills.,  1,536. 
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Aeroplane  (s) , — Continued 

incidence,  angle  of,  1,560. 
joy  stick,  1,530,  1,552. 
landing,  1,583. 

edge,  1,530. 

gear,  1,530,  1,541. 

wire,  1,530. 
lateral  control,  1,552,  1,553. 

stability,  def.,  1,555. 
lift,  1,531,  1,568,  1,570. 
longerons,  1,531,  1,539,  1,540. 
longitudinaliSf)  def.,  1,531. 

stability,  1,570,  1,573. 
looping,  effects,  1,581. 
■monoplane,  Bleriot,  ills.,  1,537. 

description,  1,531. 

Hanriot,  ills.,  1,547. 
motions,  1,549. 
motor,  Hall-Scott,  ills.,  1,585. 
nose,  dive,  def.,  1,531. 

spin  dive,  ills.,  1,582,  1,583. 
outrigger,  def.,  1,531. 
pairing,  1,530. 
pancake,  1,531. 
panel,  1,531. 
parts,  1,527. 
pitch,  1,531,  1,564. 
planes,  1,531. 
propeller,  1.563. 

operation,  1,564. 

pitch,  1,531,  1,564. 

shaft,  Sturtevant,  ills.,  1,612. 

slip,  1,564. 

thrust,  1,569. 

tongue,  ills.,  1,561. 

pusher,  1,533. 
ills.,  1,531. 

pylon,  033. 
recovery,  1,5/6. 

resistance,  angle  of,  measuring,  1,560. 
rib,  1,533. 
roll,  1,533. 
rudder,  1,533. 

control,  ills.,  1,562. 
side,  slip,  def.,  1,533,  1,580. 

surface,  ills.,  1,558. 

thrust,  causes,  1,557. 
skid,  1,533. 
slip,  propeller,  1,564. 

preventing,  ills.,  1,580. 
spiral  dive,  ills.,  1,582. 
spread,  1,533. 
stability,  def.,  1,535. 

longitudinal,  1,570. 
stabilizer,  def.,  1,535,  1,558,  1,559, 1,572. 
stagger,  1,535,  1,545. 
stalling,  1,535,  1.576,  1,579. 
starting,  diag.,  1,575. 
stream  line,  1,535. 
struts,  1,535,  1,567. 
tail,  1,535. 

skid,  1,535,  1,539,  1,541. 

slide,  diag.,  1,576. 
thrust,    propeller,    air    force,    relation, 

diag.,  1,569. 
tongue,  propeller,  ills.,  1,561. 


Aeroplane  (s) , — Continued 
toss,  1,535. 
tractor,  1,535. 

biplane,  ills.,  1,528,  1,529. 
trailing  edge,  1,535. 
undercarriage,  1,535,  1,541. 
up  control,  1,551. 

upper  longerons,  connections,  1,540. 
valve,  see  Valve,  aeroplane, 
vertical  pin,  1,535. 

stabilizer,  def.,  1,535. 
volplane,  1,535. 
warp,  1,535. 

control,  1,553. 
work,  in,  1,535,  1,561. 

out,  1,535,  1,561. 
wheel  control,  ills.,  1,554. 
wings,  arrangement,  1,545. 

bars,  def.,  1,535. 

construction,  1,543. 

covering,  des.,  1,546. 

curved,  effect,  diag.,  1,542, 

dope,  1,549. 

flat,  effect,  diag.,  1,542. 

frame,  wiring,  det.,  ills.,  1,546. 

framework,  ills.,  1,543,  1,544. 

inclined,  1,555. 

inclining,  1,566. 

lift,  1,565. 

shape,  1,567. 

skid,  1,535. 

span,  1,567. 

stagger,  1,565,  1,566. 

tip,  1,535. 
Witteman-Lewis,  ills.,  1,532. 
wooden  laminations,  assembly,  ills.,  1,563. 
wood,  stresses,  1,539. 
Air,  explosion  pressure,  1,347. 

force,  aeroplane,  diag.,  1,569,  1,520. 
pressure,  aeroplane,  1,565. 
ratio  for  combustion,  1,346. 
resistance  aeroplane,  ills.,  1,568. 
supply,  gas  engine,  ills.,  1,396. 
temperature,  hot  air  engine,  1,739. 
cooled,  gas  engine,  ills.,  1,430,  1,431. 

radial  engine,  ills.,  1,590. 
compressor,  Diesel  engine,  1,477,  1,484. 
gap,  electrical,  1,398. 
interia,  aeroplane,  ills.,  1,565. 
inlet  pipe,  ills.,  1,395. 
pocket,  aeroplane,  1,527. 
port,  carburetter,  collar,  1,383. 
pump,  ills.,  1,729-1, 732b. 

drive,  rod,  ills.,  1,727. 
Akerlund     gas    producer,     capacity,     table, 
1,515. 
suction  down  draught,  ills.,  1,514,  1,517, 

1,520. 
water  cooled  top  plates,  diag.,  1,523. 
Alamo  gas  engine,  parts,  ills.,  1,375. 
Allen  valve,  ills.,  1,702. 

Allis- Chalmers  Diesel  engine  governor,  ills., 
1,482. 

operation,  ills.,  1,476. 

valve  gear,  ills.,  1,477. 
gas  engine,  bonnet,  ills.,  1,440. 
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III 


AUis-Chaltners,  gas  engine, — Continued 
cylinder,  ills.,  1,441. 
inlet  valve,  ills.,  1,440. 
Alternating  current,  1,398. 
Altitude,  effects,  aeronautics,  1,573. 

steam  engine  capacity,  diag.,  1,674, 
1,675. 
Ampere,  def.,  1,398. 
Amsler  gas  producer  blower,  ills.,  1,511. 
Analysis,  carbon,  gas  producers,  1,495. 
Angle,  aeronautics,  climbing,  diag.,  1,579. 

critical,  def.,  1,529. 

dihedral,  ills.,  1,555,  1,571. 

drift,  1,548. 

gliding,  1,530. 

incidence,  1,527,  1,545,  1,560. 

resistance,  1,560. 

stalling,  diag.,  1,579. 
Animal  oils,  gas  engine  lubrication,  1,432. 
Apparent  slip  propeller,  1,684,  l,732d. 
Area,  effective  propeller,  l,732i. 

projected,  1,723. 

valve,  to  find,  1,337. 
Aspect  ratio,  aeroplane,  1,529,  1,568. 
Augmenter,  Parsons  vacuum,  1,7326. 
Automatic  cut  off,  diagram,  1,666. 
Automobile,  engine.  Knight,  ills.,  1,346. 
Lozier,  parts  of,  1,344. 
Packard,  ills.,  1,351. 

magneto,  1,399. 
Auxiliary,  apparatus,  steam  engine,  1,668. 

exhaust  pipe,  gas  engine,  ills.,  1,378. 


B 


Back  pressure,   1,650. 

steam  engine,  1,650. 
Backus   suction   gas  producer   system,    ills., 

1,512. 
Bank,  aeroplane,  1,529. 
Banking,  aeroplane,  1,579. 
Bars,  wing,  aeroplane,  1,535. 
Battery,  electric,  1,399. 
Bauroth  gas  engine,  ills.,  1,363. 
Bearings,  steam  engine,  ills.,  1,707-1,710. 
Bed  plate,  steam  engine,  1,707,  1,708. 
Benzine,  petroleum  distillate,  1,451. 
Bessemer,  oil  engine  fuel  pump,  ills.,  1,467. 
Bilgram  diagrams,  1,695,  1,696,  1,698. 
Biplane,  frame,  ills.,  1,538. 

lateral  control,  diag.,  1,552,  1,553. 

observation,  Burgess  pusher,  ills.,  1,531. 

tractor,  Curtiss,  ills.,  1,528,  1,529. 

warp  control,  1,553. 

Witteman- Lewis,  ills.,  1,532. 
Blade  area,  propeller,  l,7S2h. 
Bleriot  monoplane,  construction,  ills.,  1,537. 
Blower,  gas  producer,  Amsler,  ills.,  1,511. 
Boat,  flying,  Curtiss,  ills.,  1,534. 

freight,  light  draugh,  ills.,  1,521. 

propellers,  l,732c-l,732w. 
built  up,  ills.,  1,7321. 
squatting,  l,732i. 


Boat,  propellers, — Continued 
stuffing  box,  1,732^. 
Body,  aeroplane,  1,529. 
Bolts,  cylinder,  1,702,  1,703. 

head,  1,690. 
Bonnet,  gas  engine,  ills.,  1,440. 
Bosch  magneto,  ills.,  1,337,  1,443. 
Braces,  aeroplane,  control,  1,529. 
Browning,  longeron,  aeroplane,  ills.,  1,539. 
Bracket,  exhaust  lever,  gas  engine,  ills.,  1,375. 
Brake,  friction  rope,  1,622. 

horse  power,  1,621. 
gas  engine,  1,371. 

prony,  ills.,  1,371. 
Bridge,  electrical,  1,398. 
British  Thermal  Unit,  definition  of,  1,315. 
Buckeye  engine,  load  curve,  1,663. 

power  ratings,  1,663. 
Buckeye-mobile  power  ratings,  diag.,  1,663. 
Burgess- Dunne  flying  boat,  ills.,  1,533. 
Burgess    pusher    observation    biplane,    ills., 

1,531. 
Busch-Sulzer  Diesel  engJne,  ills.,  1,485, 1,487. 

lubrication,  ills.,  1,486. 
Buscoe  radiator,  vertical  type,  ills.,  1,429. 
By  pass,  carburetter,  oil  engine,  ills.,  1,455. 


Calorimeter,  steam   engine   selection,    throt- 
tling, ills.,  1,640. 
Cam,  aeroplane  engine.  Gnome,  ills.,  1,602. 
position,  diag.,  1,604. 
gas  engine,  ills.,  1,424,  1,425. 
device,  valve,  ills.,  1,423. 
Foos,  1,338. 
gear,  ills.,  1,375. 
shafts,  1,381,  1,422. 
valve,  lifting,  ills.,  1,423. 
Camber,  aeroplane,  def.,  1,529,  1,545. 
Cameron  air  cooled  gas  engine,  ills.,  1,431. 
Capacity  gas  producers,  1,526. 
Carbon,  gas  producers,  analysis,  1,495. 
Carburetter,  aeroplane  engine,  1,597. 

gas  engine,  see  Gas  engine  carburetter. 
oil  engine,  by  pass,  ills.,  1,455. 
Card,    indicator,    automatic    cut   off  engine, 
1,695, 
cut  off,  1,664.  1,666. 
Diesel  engine,  ills.,  1,474. 
expected,  1,681. 
gas  engine,  1,328,  1,354. 
marine  engine,  1,680. 
oil  engine,  1,464,  1,468. 
Carnot  cycle,  1,322,  1,473. 
Carpenter  separator  tests,  1,670. 
Case,  crank,  aeroplane  engine,  ills.,  1,612. 
Cavitation,  propeller,  l,732e. 
Cell,  electric,  def.,  1,399. 
Center  of  gravity,  aeroplane,  1,557,  1,569. 
Chamber,  carburetter,  mixing,  1,383. 
Chapman  gas  producer,  ills.,  1,504. 
Charging  hopper,  gas  producer,  ills.,  1,498. 
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Charging  stroke,  gas  engine,  action  during, 

1.320. 
Check  valve,  hot  air  engine,  1,750. 
Characteristic    load    curves,    steam    engine, 

diag.,  1,663. 
Chord,  aeroplane,  def.,  1,529,  1,545. 
Churning,  propeller,  l,732g. 
Circuit,  electric,  1,398. 

ignition f  gas  engine,  primary,  1,411. 
high  tension,  1,407. 
vibrator  coil,  ills.,  1,412. 
Clearance,  gas  engine,  1,375. 

steam  enginct  effect  of,  1,66S. 

zero,  object  of,  1,683. 
zero,  air  pump,  ills.,  1,731. 
Climbing  angle,  aeroplane,  diag.,  1,579. 
Coal,  gas  producer,  qualifications,  1,525. 

hot  air  engine,   1,751. 
Cockpit,  aeroplane,  def.,  1,529. 
Coefficient,   pressure   and   temperature   and, 

the  table  of,  1,343,  1,361. 
Coils,  gas  engine,  ignition,  1,415. 

vibrator,  ills.,  1,409,  1,412. 
Combined  efficiency,  steam  engine  selection, 

example,  1,631. 
Combustibile  weight,  1,630. 
Combustion,  gas  engine^  1,347. 
air  ratio  for,  1,346. 
chamber,  1,374,  1,375. 
external,  1,315. 
maximum  temperature,  1,345. 
pressure  of,  1,350. 
gas,  producer,  1,493. 

hot  air  engine,  1,739. 
Compound  condensing  steam  engine,  economy, 
curves,  1,660,  1,670,  1,671. 
non-condensing,  grid  iron  valve,  economy 
curves,  diag.,  1,641. 
four    valve    steam     engine,     diag., 
1,667. 
Compression,   Diesel  engine,   1,492. 
stroke,  1,474. 
gas  engine,  1,318,  1,340,  1,341. 
hot  air  engine,  1,750. 
oil  engine,  1,465,  1,472. 
steam  engine,  1,651,  1,652. 
unifiow  engine,  1,658. 
Compressor,  air,  Diesel  engine,  1,477. 
Condensate  removal,  1,729. 
Condensation,  various  eut  off,  steam  engine, 

1,646,  1,647. 
Condenser  air  leakage,  1,7326. 
air  pump,  1,729. 
steam,  boats,  1,679. 
engine,  1,673. 
Condensing,  diagrams,  1,673. ' 
engine,  1,619. 

back  pressure,  1,650. 
curve,  economy,  1,660,  1,670,  1,671. 
steam  consumption,  1,628,  1,658. 
Conductor,  electrical,  1,398,  1,399. 
Connecticut  magneto  interrupter  filing  slot, 

ills.,  1,415. 
Connecting     rod,     aeroplane     engine,     ills., 
1,611. 
feed  pump,  ills.,  1,727. 


Connecting  rod, — Continued 

gas  engine,  ills.,  1,375,  1,377. 
oil  engine,  ills.,  1,460. 
steam  engine,  ills.,  1,718-1,721.^ 
Contact,  breaker,  gas  engine,  ignition,  ills., 
1,409. 
maker,  gas  engine  ignition,  1,410. 
Consumption,  steam,  Williams  law,  1,636. 
Control,  aeroplane,  see  Aeroplane  control. 
Cooling,  aeroplane  engine,  1,596. 

gas  engine,  1,426,  1,427,  1,430,  1,445. 
Corkscrew  dive,  aeroplane,  ills.,  1,582. 
Corliss  engine,  condensers,  curves,  1,670. 
Crank,  case,   aeroplane  engine,  ills.,   1,610, 
1,612. 
shaft,  Diesel  engine,  ills.,  1,483. 
gas  engine,  ills.,  1,375,  1,377. 
steam  engine,  design,  1,721-1,723. 
Cranking,   aeroplane,    1,574. 
gas  engine,  1,395,  1,438. 
Critical  angle,  aeroplane,  1,529. 
Cross  head,  ills.,    1,716-1,718. 

roller,  ills.,  1,726. 
Crude  oil,  1,449-1,451,  1,454. 
Current,  electric,  1,398,  1,399. 
gas  engine,  secondary,  1,408. 
trouble,  testing,  1,411. 
Curtiss,  biplane  tractor,  ills.,  1,528,  1,529, 
flying  boat,  side  view,  ills.,  1,534. 
hydro-aeroplane,  ills.,  1,536. 
V  engine,  ills.,  1,584. 
Curve,     economy,     compound,     condensing 
engine,  1,660,  1,670,  1,671. 
four  valve  engine,  1,659. 
non-condensing  engine,  1,661,  1,667. 
steam     consumption,     uniflow     engine, 
1,658. 
Curved  wing,  aeroplane,  1,542. 
Cut  off,  and  condensation,  relation,   diag., 
.1,647. 
automatic,  curve,  1,666. 
economical,  load  curve,  diag.,  1,664. 
effect  on  cylinder  walls,  diag.,  1,648. 
non-condensing  engine,  1,664. 
temperature  ranges,  diag.,  1,648. 
variable,  1,667,  1,714,  1,717. 
various,  1,646. 
varying,  1,662. 
Cycle,  gas  engine,  1,322,  1,325-1,330. 
Carnot,  diag.,  1,322. 
four  1,323-1,330,  1,348,  1,362-1,364, 

1,368. 
two,  1,365-1,370. 
Cylinder  aeroplane   engine,   nimiber,   1,587» 
1,588. 
heads,  sturtevant,  ills.,  1,608. 
Diesel  engine,  1,479. 

head,  ills.,  1,480. 
jacketed,  1,479. 
hot  air  engine,  1,741. 

cylinder  case,  1,748. 
Ericsson,  1,738,  1,747. 
gas  engine,  des.,  1,373. 

Allis-Chalmers,  ills.,  1,441. 
details  of,  ills.,  1,334. 
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Cylinder,  gas  engine, — Continued 

head   valve   com.,    Dempster,    ills., 

1,378. 
horizontal,     oil     distributor,     force 

feed,  ills.,  1,432. 
lubrication,  1,432. 
oil  selection,  1,432,  1,433. 
steam  engine^  bolts,  construction,  1,702, 

l,7b3. 
cover  stiffening,  1,694. 
design,  1,654,  1,686,  1,687. 
dimensions,     steam    engine,    1,684, 

1,685,  1,687. 
head  bolts,  1,694,  1,696,  1,700. 
initial  condensation,  ills.,  1,647. 
pocketing,  degrees,  ills.,  1,656. 
proportion,  1,654. 
temperature  changes,  1,645. 
studs,  construction,  1,703,  1,702. 
temperature,  ills.,  1,648. 
walls,  effect  of  cut  off  on,  diag., 

1,648. 

temperature  determining,  1,682. 


Dead  wood,  effect  of,  l,732g. 
Decalage,  aeroplane,  def.,  1,530. 
Deep  well  pump,  1,747. 

De  La  Vergne  oil  engines,  ills.,  1,463,  1,464, 
1,468. 

semi- Diesel,  1.470-1,472. 
Dempster  cylinder  head,  gas  engine,  valve 

cons.,  ills.,  1,378. 
Deperdussin  control,    aeroplane,  ills.,   1,554. 
Designing  an  engine,  1,677,  see  Steam  engine 

design. 
Deviation,  aeroplane,  diag.,  1,573. 
Diagram,  Bilgram,  1,698,  1,699. 

factor,    1,681,    1,682. 

indicator,  see  Indicator  diagram. 
Diameter  exhaust  pipe  steam  engine,  1,650. 
Dielectric,  def.,  1,399. 
Diesel  engine  (s),  1,473-1,492. 

air  compressor,  1,477,  1,484. 

Allis  Chalmers,  1,476,  1,477. 

arrangement,  1,476. 

Busch-Sulzer,  ills.,  1,485. 

compression,  loss,  1,492. 
stroke,  1,474. 

crank  shaft.  National,  ills.,  1,483. 

cylinder,  1,479. 

head,  ills.,  1,480. 

economy,  1,486. 

fourcycle,  1,474,  1,487,  1,490. 

fuel  pump,  1,480. 

gears,  ills.,  1,488. 

governor,  1,481-1.483. 

ignition  trouble,  1,491. 

indicator  card,  ills.,  1,474. 

irregular  running,  1,492. 

lubrication,  1,485,  1,486. 


Diesel  engine  (a), — Continued 

National,  ills.,  1,478,  1,479. 

oil,  1,315. 

operation,  ills.,  1,476,  1,490. 

overloading,  1,492. 

parts,  ills.,  1,478,  1,479. 

pirton.  National,  ills.,  1.480. 

pulverizer,  1,477,  1,481. 

pump,  fuel,  1,480,  1,491. 

running,  1,490-1,492. 

Southwark  Harris,  ills.,  1,489. 

sprayer,  1,477,  1,481. 

starting,  before,  1,490,  1,491. 

stopping,  1,491. 

troubles,  1,491-1,492. 

two  cycle,  1,474,  1,489. 

types,  1,477,  1,478. 

valve,  starting,  1,483. 

gear,  ills.,  1,477,  1,485. 
Dihedral  angle,  aeronautics,  ills.,  1.555, 

1.571. 
Direct  current,  1.398. 
Directional  control,  aeroplane,  1,563. 
Distillate,  def.,  1,451. 
Distributer,  gas  engine  ignition,  1,410. 
Diving,  aeroplane,  1,531,  1,578,  1,582. 
Dixie  magneto,  ills.,  1,600,  1,601. 
Domestic,  gas  engine,  parts,  ills.,  1,376, 
1,405. 

oil  engine,  piston,  and  connecting  rod, 
ills.,  1,460. 
Donken,  steam  cylinder  jacket  tests,  1,656. 
Dope,  aeroplane,    1,530,   1,546-1,549. 
Double,  acting  gas  engine,  ills.,  1,360. 

ignition  system,  aeroplane,  1,600. 

zone  gas  producers,  1,515. 
Down,  control,  aeroplane,  diag.,  1,550, 1,551. 

draught,  gas  producer,   1,510,    1,514, 
1,517,  1,518. 
Drag,  aeroplane,  1,530. 
Dredge,  suction,  operated    by  gas  producer, 

ills.,  1,517. 
Drift,  aeroplane,  1,530,  1,549,  1,568. 

angle,  1.548. 

set,  1,548. 

wires,  1,530. 
Drive,  feed  pump,  ills.,  1,727. 
Drop,  cause  of,  1,695. 
Dry  steam,  1,639. 

Dubois,  auxiliary  exhaust  pipe,  gas  engine, 
_  ills.,  1,378. 

gas  engine  governor,  des.,  1,379. 
Dunharn  pump,  author's  design,  ills.,  1,678. 
Dynamic  head  engine,  ills.,   1,623. 
Dynamo,  parts,  1.399. 


Eccentric,  admission,  ills., 
exhaust,  ills.,  1.715. 
guides,  ills.,  1,722. 
rod,  ills.,  1,706. 


1,714,^716. 
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Elccentricy — Continued 

shifting,  ills.,  1,696,  1,698,  1,714-1,716. 
Economical  cut  off,  steam  engine,  load  curve, 

1,664. 
Economizer,  hot  air  engine,  1,750. 
Economy,  steam  engine,  1,633. 

curves,  condensing  steam  engine,  diag., 
1,671. 
Corliss,  diag.,  1,670. 
four  valve  engine,  1,659. 
non-condensing  engine,  1,659,  1,661, 
1,667. 
testing  for,  1,640. 
Edge,  landing,  aeroplane,  def.,  1,530. 

trailing,  aeroplane,  def.,  1,535. 
Effective  area,  propeller,  l,732z,  l,732i. 
horse  power,  1,621. 
formula,  1,622. 
Efficiency,  def.,  1,620,  1,624,  1,626. 
mechanical,  def.,  1,627. 

gas  engine,  the,  1,363,  1,371. 
steam  boiler,  classes,  1,625,  1,629. 
steam  engine,  1,624-1,628,  1,657. 
thermal  gas  engine,  1,318,  1,365. 
Electric,  circuit,  des.,  1,398,  1,412,  1,413. 
current,  des.,  1,398. 
induction,  1,398. 
kinds  of,  1,398. 
magnetism,  1,398,  1,399. 
production,  1,399. 
short  circuits,  1,414. 
wires,  1,398,  1,399,  1,414. 
Electric  ignition,   gas  engine,  1,397-1,418. 
Equilibrium,  aeroplane,  diag.,  1,568,  1,569. 
Ericsson  hot  air  engine  connection,  1,744. 
Exhaust,  gas  engine,  1,355. 
loss  in,  1,359. 
lever,  ills.,  1,375. 
pipe,     auxiliary,     Du     Bois,     ills., 

1,378. 
pressure  in,  formula,  for,  1,361. 
stroke,  action  during,  1,320,  1,355. 
temperature,  meaning  of,  1,362. 
valve,  gas  engine,  ills.,  1,375. 
opening,  degree  of,  1 ,357 , 
oil  engine  stroke,  1,472. 
steam  engine,  arms,  ills.,  1,706 
cramped,  cause  of,  1,695. 
eccentric,  ills.,  1,715. 
independent,  how  effected,  1,683. 
manifold,  ills.,  1,703,  1,730. 
pipe,  1,650,  1.672,  1,673. 
ports,  1,696. 
rack,  ills.,  1,730. 
valve,  ills.,  1,702. 

independently  driven,  1,668. 
rod,  ills.,  1,706. 
Expansion,  gas  engine,  1,349. 
adiabatic,  1,323. 
conditions  for,  l,318i 
isopiestic,  def.,  1,320.    ■ 
temperature  during,  1,321. 
steam  engine,  degree,  advantages,  1,642, 
diag.,  1,642. 
multi-stage,  steam,   1,659. 
single,  cylinder  jacketed,  1,645. 


Expansion,  steam  engine,  single, — Con. 

stage,  1,659. 
Expected  card,  steam  engine,  1,681. 
Explosion,  pressure,  gas  engine,  effect  of  air 

on,  1,347. 
temperature  in  gas  engines,    conditions 

of,  1,347. 
External  combustion  gas  engine,  1,315. 
Extractor,   tar,   smith,    ills.,    1,518. 


Fay    &    Bowen    marine    engine,    the,    ills., 
1,365. 
parts,  ills.,  1,373. 
two  cycle,  ills.,  1,370,  1,374. 
Feed,  pump,  ills.,  1,723-1,725,  1,727. 

author's  spring  cushion  for  steamer 
Stornoway  II. 
water,  consumption,  steam  engine,  diag., 
1,619. 
Fedders  radiator,  ills.,  1,429. 
Fin  aeroplane,  def.,  1,530,  1,535. 
Fineness  ratio,  aeroplane,  def.,  1,530. 
Fire  test  for  aeroplane  dopes,  1,548. 
Firing,  hot  air  engine,  1,745,  1,751. 
Flaps,  aeroplane,  def.,  1,530. 
Flash  point  cylinder  oil,  1,433. 
Flat  wing,  aeroplane,  diag.,  1,542. 
Flight,  mechanic,  of,  1,565. 
Float,  carburetter,  leaking,  1,391. 

feed,  types,  ills.,  1,384. 
Fever,  gas  producer,  1 ,526. 
Fly_ wheel,  hot  air  engine,  ills.,  1,747. 
Flying,  see  Aeroplane,  fiying. 
Flues  gas  engine,  ills.  &  des.,  1,337. 

operation,  1,380. 
Foot  pounds,  diagram  representing,  1,317. 
Force  (s)  acting  on  aeroplane,  1,568. 

air,  propeller  thrust,  aeroplane,  relation, 

diag.,  1,569. 
feed  oiler  distributer,  ills.,  1,432. 
pump  hot  air  engine,  1,735. 
Formula,  effective  horse  power.  1,622. 
electrical  horse  power,  1,624. 
gas  engine,  exhaust  pressure,  1,361. 
valve  area,  1,337. 
gravity,  oil,  1,453. 
horse  power,  1,622,  1,624. 
in  racing  boats,  1,372. 
Forward  vertical  stabilizer,  aeroplane,  ills., 

1,559. 
Fourcycle,  Diesel  engine,  1,474,  1,475,  1,487, 
1,490. 
gas  engine,  ills.,  1,360,  1,420. 
valves,  1,377. 

gear.  Gray,  ills.,  1,327. 
Four  valve,  steam  engine,  economy  curves, 

1,659,  1,667. 
Frame,  aeroplane,  ills.,  1,541,  1,546. 
biplane,  com.,  det.,  ills.,  1,538. 
steam  engine,  ills.,  1,710,  1,711,  1,712. 
Freezing  prevention  hot  air  engine,  1,748. 
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Preight  boat,  light  draught,  ills.,  1,521. 
Friction,  gas  engine,  loss  in,  1,359. 
hydraulic  horse  power,  1,624. 
rope  brakes,  diag.,  1,622. 
Puel,  aeroplane  engine,  1,598. 
Diesel  engine,  1,480. 
gas  engine,  1,339,  1,345,  1,392. 
impure,  1,392. 
starting,  1,435. 
mixture,  1,339,  1,383. 
hot  air  engine,  consumption,  1,741. 
oil,  combustion  of,  1,464. 
engine,  kinds,  1,449. 
heat  valves,  table,  1,455. 
pump,  oil  engine,  ills.,  1,459,  1,467. 
Fuller  &  Johnson,  gas_  engine,  ills.,  1,430. 

kerosene  engine,  ills.,  1,458. 
Fulton,  air  compressor,  ills.,  1,484. 

four  cycle  Diesel  engine,  ills.,  1,490. 
Furnace  Reeco-Ericcson  engine,  ills.,  1,742. 
Fuselage,  aeroplane,  def.,  1,530. 


Gap,  aeroplane,  see  Aeroplane  engine. 
■Gas,   action   under   constant   pressure,    dia- 
gram of,  1,317,  1,318. 
expansion,  diag.,  1,320. 
fuel  hot  air  engine,  1,751. 
generator  system,  suction  down  draught, 

diag.,  1,510. 
meter,  how  to  read,  diag.,  1,523. 
qualities  of,  1,321. 
Oas  engine(s),  1,315-1,448. 

admission,  stroke  of,  1,332,  1,333. 
aeroplane,  see  Aeroplane  engines, 
backpressure,  causes  of,  1,358. 
bonnet,  ills.,   1,440. 
bracket,  exhaust  lever,  ills.,  1,375. 
brake  horse  power,  1,371. 
cam,  shaft,  ills.,  1,423-1,425. 
gear,  ills.,  1,375. 
ills.,  1,422-1,425. 
carburetter  buoyancy,  ills.,  1,392. 
control  levers,  1,437. 
design,  1,393. 
float,  chamber,  ills.,  1,387,  1,389. 

feed,  ills.,  1,384. 
gasoline,  flow,  1,389. 

impure,  1,392,  1,393. 
Kingston,  ills.,  1,390. 
leaking,  float,  1,391. 

tank,  1,391. 
mixing  chamber,  1,383, 1,385,  1,386, 

1,389. 
mixture,  1,385,  1,437. 
puddle  type,  ills.,  1,391. 
rudimentary,  ills,  1382,  1,384. 
sediment  in,  1,445. 
Stromberg,  ills.,  1,389. 
surface  type,  ills.,  1,371. 
tank  leaking,  1,392. 
troubles,  1,388,  1,444,  1,445,  1,447. 


Gas  engine(8),  carburetter, — Continued 

venturi  type,  ills.,  1,389,  1,390. 
clearance,  1,375. 

combustion  chamber,  1,347,  1,375. 
compression,  adiabatic,  1,323,  1,340. 

stroke,  diag.,  of,  1,340. 

theory  of,  1,341. 
connecting  rod,  ills.,  1,375,  1,377. 
cooling  systems,    1,426-1,430. 
crankshaft,  ills.,  1,375,  1,377. 
cranking,  1,395,  1,438. 
cycle,  four  stroke,  names,  1,327. 

two  stroke,  1,365-1,370. 
cylinder  details,  ills.,  1,334,  1,373,  1,441. 

head,   valve   cons.,   Dempster,  ills., 
1,378. 

lubrication,   1,432,   1,433. 
domestic,  parts,  ills.,  1,405. 
efficiency  of,  1 ,363,   1,365. 
exhaust,  1,355,  1,359. 

lever,  ills.,  1,375. 

loss  in,  1,359. 

pipe,     auxiliary,     Du     Bois,     ills., 
1,378. 

pressure,  formula  for,  1,361, 

stroke  of,  1,355. 

temperature  of,  1,362. 

valve,  ills.,  1,375. 
opening,  1,357. 
expansion,  adiabatie,  1,323. 

conditions  for,  1,318. 

effect  of  water  jacket,  1,323. 

temperature  during,  1,321. 
explosion,  weak,  causes,  1,396. 
external  combustion,  1,315. 
Fay  &  Bowen,  ills.,  1,370,  1,373,  1,374. 
float  feed,  types,  ills.,  1,384. 
Foos,  ills.,  1,337,  1,338. 
four  cycle,  ills.,  1,324. 

Alamo,  parts,  ills.,  1,375. 

double  acting,  ills.,  1,360. 

economy,  1,368. 

heat  loss,  1,359. 

horse  power,  formula,  1,372. 

operation  of,  1,364. 

valveis),  1,377. 

gear.  Gray,  ills.,  1,327. 

working  parts,  position,  ills.,  1,420. 
friction,  loss  in,  1,359. 
fuel,  1,345,  1,383,  1,392,  1,393,  1,397. 
Fuller&  Johnson,  ills.,  1,430. 
gasolene,  no  flow,  1,389. 

pump,  ills.,  1,375. 
generator  valve,  operation,  ills.,   1,394. 
governor,  ills.,  1.375,  1,376,  1,379-1,381. 
heat  loss,  1,359. 
heating,  diagrams,  1,352. 
horse  power,  1,370-1,373. 
ignition,  direction,  1,411-1,418. 

hammer  break,  1,406. 

high  tension,  1,398,  1,406. 

hot  tubes,  1,400,  1,404. 

jump  spark,  1,406-1,409. 

low  tension,  1,401-1,406. 

make  and  break,  1,398,  1,402. 

methods,  1,397,  1,400. 
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Gas  engine  (s),  ignition, — Continued 

point  of,  diag.,  1,401. 

pre-ignition,  1,417. 

sparkplugs,  1,411,  1,412. 

synchronous,  ills.,  1,410. 

testing,  1,411,  1,412. 

troubles,  1,410,  1,445. 

wipe  contact,  ills.,  1,403. 
internal  combustion,  1,315. 
Knight,  ills.,  1,346. 
levers,  ills.,  1,375. 
losses,  1,335,  1,359. 
Lozier,  1,344. 
lubrication,  1,431-1,437. 
magneto,  ills.,  1,417,  1,421,  1,443. 
management,  1,434. 
marine^  Fay  &  Bowen,  ills.,  1,365. 

Standard  double  acting,  1,348. 
maximum   temperature    of    combustion, 

1,345.    • 
mechanical  efficiency,  1,371. 
mixture,  1,385. 
misfiring,  1,395,  1,446. 
mufHer  for,  ills.,  1,357,  1,358. 
National,  ills.,  1,360,  1,362. 
operation,  1,367,  1,381. 
Otto,  ills.,  1,329,  1,364. 
Packard  automobile,  ills.,  1,351. 
parts,  1,373. 

performance,  diag.,  1,354,  1,356. 
piston,  1,375,  1,376. 

binding,  causes,  1,445. 

rings,  ills.,  1,375-1,377. 
point  of  ignition,  diag.,  1,401. 
power,  loss,  1,335,  1,446. 

suction,  1,327. 
pre-ignition,  causes,  1,446. 
pre-release,  1,352. 
pressure,  back,  causes  of,  1,358. 

during  admission,  1,333. 

exhaust  formula,  1,361. 

of  combustion  in,  1,350. 

terminal,  1,355. 
racing    boat,    horse     power,     formulae, 

1,372. 
radial,    air    cooled,    six    cylinder,    ills., 

1,590. 
radiators,  ills.,  1,429. 
rotary,  1,590-1,594,  1,602. 

valve,  the  Speedwell,  ills.,  1,342. 
running,  1,440. 
side  rod,  ills.,  1,375. 
spark,  adjustment,  1,438. 

plug,  broken  insulation,  1,443,  1,446. 

regulator,  ills.,  1,375. 
speed  changer,  ills.,  1,375. 
Speedwell,  valve  action  of,  1,342. 
spray  carburetter,  ills.,  1,382. 
starting,  1,435-1,440. 

failure,  1,441. 
Stewart  vacuum  fuel  system,  ills.,  1,397. 
stroke,  1,327,  1,349. 
suction,  weak,  1,444. 
superheater,  R.  O.  C,  ills.,  1,388. 
tank,  leading,  1,392. 


Gas  engine  (s) , — Continued 
terminal  pressure,  1,355. 
theoretical     indicator     diagram,     1,328, 

1,331. 
thermal  efficiency,  1,363,  1,365. 
throttle,  adjustment,  1,438. 

valve,  types,  ills.,  1,392. 
throttling,  theory,  1,384. 
timing,  1,418-1,421,  1,426. 
troubles,  1,434,  1,435. 
two  cycle,  1,365-1,370. 
valves,  see  Valve,  gas  engine, 
vaporizer,  operation,  ills.,  1,394. 
water,  circulating,  loss,  operating,  1,359. 

jacket,  leaks,  1,445. 
wrist  pin,  1,376. 
Gas  producers,  1,493-1,526. 

Akerlund,  capacity,  table,  1,515. 

blower,  Amsler,  ills.,  1,511. 

capacity,  1,526. 

carbon,  analysis,  1,495. 

classes,  1,495. 

coal,  qualifications,  1,525. 

combustion,  1,493. 

double  zone,  objection  to,  1,515. 

down  draught,  suction,  ills.,  1,514,  1,517, 

1,518. 
energy,  loss,  1,526. 
engines,  des.,  1,513. 
flues,  1,526. 
gas  formation,  1,493. 
grate  rotation,  step  motion,  "Pilgrims," 

Hilger,  ills.,  1,498. 
hopper,  charging,  Hilger,  ills.,   1,498. 
house,    Lackawanna     Steel     Co.,    Ills., 

1,524. 
marine,  ills.,  1,516. 

plant,  installation,  diag.,  1,519. 
mechanical.  Treat,  ills.,  1,506. 
operation,  1,500. 

plant,  and  engine.  Marine  Producer,  Gas 
Power  Co.,  ills.,  1,520. 

Nelson,  ills.,  1,522. 
poker,  water  cooled,  Hughes,  ills.,  1,499. 
pressure,  system,  des.,   1,500-1,503. 

up  draught,  Morgan,  ills.,  1,497. 
proportion,  1,524. 
reactions  in,  1,494. 
regulator,  Syracuse,  ills.,  1,502. 
scrubbers,    mechanical,     objections     to, 

1,515,  1,524. 
steam,  use,  1 ,494. 
suction  system,  ills.,  1,507. 

Backus,  ills.,  1,512. 

down  draught.  Standard  Akerlund, 
dredge,  ills.,  1,517. 

operation,  1,509. 

Otto  plant,  ills.,  1,508. 

parts,  1,509. 
Syracuse,  1,502,  1,505. 
tar  extractor.  Smith,  ills.,  1,518. 
top    plates,    water    cooled,    Akerlund, 

cons.,  diag.,   1,523. 
types,  ills.,  1,495,  1,496. 
Gasoline,  engine  vs  kerosene  engine,  1 ,459. 
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Gasoline, — Continued 

ignition  system,  ills.,  1,397. 
impure,  1,393. 
tank  leaking,  1 ,392. 
Gear,  aeroplane,  lasting,  1,530,  1,541. 

Diesel  engine,  Busch-Sulzer,  ills.,  1,488. 

valve,  1,485. 
gas  engine,  1 ,338. 
■    cam,  ills.,  1,375. 
teeth,  timing,  lost  motion,  1,42G. 
valve,  1,379. 

fourcycle,  ills.,  1,327. 
steam  engine,  reverse,  1,714. 

reverse  lever  control,  ills.,  1,717. 
valve,  see  Valve 
Generating   system,    gas,   Loomis-Pettibone, 
suction,   down   draught,   diag., 
1,510. 
Gilson  hit  or  miss  gas  engine  governor,  ills., 

1,381. 
Gliding,  aeroplane,  1,577. 

angle,  diag.,  1,530. 
Gnome,  rotating  aeroplane  engine,  des.,  1 ,591. 
rotary  engine,  ills.,  1,394. 
earn  action,  ills.,  1,602. 
tilling  diagram,  1,593. 
Governor,  choice  of,  1,668. 

Diesel  engine,  1,482,  1,483. 

National  ills.,  1,481. 
gas  engine,  domestic,  ills.,  1,376. 
Du  Bois,  des.,  1,379,  1,389. 
Foos.,  illus.,  1,380. 
hit  or  miss,  ills.,  1,381. 
lever,  ills.,  1,375. 
steam  engine  throttling,  1 ,666. 
Graham    jacketted    oscillating    engine,    ills., 
1,678. 
single  cylinder   marine    engine,  for 
steamer  Stornoway  II,   design 
_  of.  Chap.  52— 1,677  to  1,732a. 
Grate  rotation,  gas  producer,  Hilger,  "Pil- 
grim," step  motion,  ills.,  1,498. 
Gravity,  aeroplane,  center,  1,557,  1,569. 

oil,  1,452,  1,453. 
Gray  valve  gear,  four  cycle  gas  engine,  ills., 

1,327. 
Grey  gas  engine,  lubrication,  ills.,  1,433. 
Gridiron  valve,   condenser,    economy  curves, 

diag.,  1,641,  1,671. 
Ground,  electric,  1,398. 
Grinder,  steam  engine,  ills.,  1,712,  1,713. 


H 


Hall-Scott   aeroplane   engine,   cam    position* 
diag.,  1,604. 
fuel  supply  system,  diag.,  1,598. 
motor,  ills.,  1,585. 
oil  flow  diagram,  ills.,  1,606. 
radiators,  ills.,  1,596,  1,597. 
Hammer  break  igniter,  gas  engine,  operation, 
ills.,  1,406. 


Hangar,  aeroplane,  def.,  1,530. 
Hanriot  monoplane,  ills.,  1,547. 
Harrison  radiator,  gas  engine,  ills.,  1,429. 
Head,  igniter,  oil  engine,  ills.,  1,461. 
Heat,  and  mechanical  energy,  1,315,  1,316. 

economizer,  hot  air  engine,  1,739. 

engine,  efficiency  of,  1,316. 

working  substances,   1,319-1,321. 
expansion,  hot  air  engine,  1,751. 
loss,   gas   engine,    causes  of,    1,316, 
1,359. 

unit  of,  1,315. 

value,  fuel  oils,  1,455. 
Heater  pot,  hot  air  engine,  1,747. 
Heavy  oil  engine,  De  La  Vergne,  indicator 

card,  1,464. 
High  tension  current,  1,398. 
Hilger  charging  hopper,  ills.,  1,498. 
Honeycomb  radiator  gas  engine,  1,429. 
Holder  oil,  residual  oil,  1,452. 
Hopper,  gas  producer,  charging,  Hilger,  ills. , 

1,498. 
Horizontal,  fin,  aeroplane,  def.,  1,530, 

gas  engine  cylinder,  oil  distributor,  ills., 
1,432. 

stabilizer,  aeroplane  def.,  1,530,  1,551. 

tandem,    four    cycle    gas    engine,    ills., 
1,360. 
Horse  power,  brake,  1,621. 

effective,  1,621. 

electrical,  1,624. 

gas  engine,  1,370. 
formula,  1,372. 

hot  air  engine,  Stirling,  ills.,  1,736. 

hydraulic,   1,623,  1,624. 

indicated,  1,621. 

nominal,  1,621. 

types,  diag.,  1,620,  1,621. 
Horse  shoe  thrust  bearing,  ills.,  1,709. 
Hughes  water  cooled  poker,  gas  producer, 

ills.,  1,499. 
Hydro-aeroplane,  Curtiss,  ills.,  1,536. 

propeller  pitch,  1,732^, 
Hydraulic  horse  power,  1,623,  1,624. 
Hydroplane  propeller  pitch,  l,732g. 
Hot  air  engine (s),  1,733-1,754. 

air  chamber,  ills.,  1,737. 

bulk,  1,735. 

check  valve,  1,750,  1,751. 

classes  of,  1,733. 

cleaning,  1,748,  1,753. 

coal  as  fuel,  1,751. 

combustion,  1,739. 

compression,  plunger,  1,750. 
pump,  1,738. 

connecting  rods  Reeco-Rider,  1,754. 

construction,    ills.,    1,734,   1,736,   1,737, 
1,744. 

cylinder,  1,741,  1,748. 

economizer,  1,739,  1,750. 

Ericsson,  1,738,  1,748. 

firing,  1,745,  1,751. 

fly  wheel,  1,747. 

fuel  consumption,  1,741. 

gas,  combustion,  1,739. 
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Hot  air  engine  (s) ,  gas, — Continued 

heater  renewing,  1,74S. 

horse  power,  ills.,  1,736. 

oiling,!, 745,  1,752. 

packing,  ills.,  1,746. 

pipe,  ills.,  1,737. 

connection,  ills.,  1,752. 

Power,  1,741. 

cylinder,  1,750. 

pump,  1,735,  1,736,  1,743,  1,753. 

Reeco- Ericsson,  1,741,  l,742,j  1,743. 

Reeco- Rider,  ills.,  1,749. 
refrigerator,  1,739-1,740. 
Robinson,  ills.,  1,737. 
setting  up,  ills.,  1,752. 
speed,  1,745. 
starting,  1,745,  1,753. 
Stirling,  ills.,  1,734. 
stopping,  1,745. 

temperature  changes,  ills.,  1,734. 
tests,  ills.,  1,737. 
use  of,  1,741. 
water  space,  ills.,  1,737. 
Wilmington-Ericsson,  ills.,  1,746. 


Igniter,  gas  engine,  1,375,  1,401. 

hammer     break,     operation,     ills., 

1,406. 
ignition  troubles,  1,415. 
oil  engine,  head,  ills.,  1,461. 
Ignition,  aeroplane  engine,  double,      des., 
1,600. 
Diesel  engine,  1,491. 
gas  engine,  see  Gas  engine  ignition. 
Incidence,   angle,   aeroplance,    1,527,    1,545, 

1,560. 
Inclined  wings,  aeroplane,  1,555. 
Indicated  horsepower,  1,621. 
Indicator   card,    automatic   cut    off   engine, 
1,695. 
cutoff,  1,664,  1,666. 
De  La  Vergne  oil  engine,  diag.,  1,464. 
Diesel  engine,  ills.,  1,474. 
gas  engine,  fair  performance,  1,354. 

poor  performance,  1,354. 
marine  engine,  1,680. 
oil  engine,  four  cycle,  ills.,  1,468. 
theoretical,  gas  engine,  1,328. 
Venn-Severin  oil  engine,  diag.,  1,465. 
Induced  current,  1,399. 
Induction,  def.,  1,399. 

coil,  electric,  1,398. 
Initial,  condensation  cylinder,  ills.,  1,647. 
pressure,  diag.,  1,634,  1,636,  1,637. 
in  condensing,  1,673. 
Inlet  valve  gas  engine,  ills.,  1,375,  1,440. 
Installation  marine  gas  producer  plant,  diag., 

1,519. 
Insulation,  electric,  1,398. 
Internal  combustion  gas  engine,  1,315. 


Interrupter,  magneto,  filing  slot,  ills.,  1,415. 
Isobar,  description  of,  1,320. 
Isometric  line,  def.,  1,321. 
Isopiestic  compression,  def.,  1,320. 
Isothermal  line,  1,318. 


J 


Jacket,  steam  engine,  design,  1,678.  1,689. 
efficiency,  1,657. 
valve,  1,655. 
hot  air  engine,  Robinson,  ills.,  1,737. 
Jacketted   engine,  condensing  steam  engine, 
single  cylinder,  number  of  ex- 
pansions, 1,645. 
Graham,  marine  for  steamer  Stornaway 
11,  design  of,    Chap.  52—1,677  to 
1,732a.     ills.,  1,678. 
non-condensing,  number  of,  expan- 
sions, number,  1,645. 
Jacketing,  steam  engine  cylinder,  ills.,  1,656. 
Jacobus,  propeller  area  ratio,  1,732^. 
Joints,  steam  engine,  1,657. 

tongue  and  groove,  ills.,  1,703. 
Joy  stick,  aeroplane,  1,530,  1,552. 
Jump  spark,  gas  engine  ingition,  1,398. 


K 


Kerosene  engine,  1,459. 

R  &  V,  ills.,  1,457. 

vs.  gasoline  engine,  1,459. 

Woodpecker,  ills.,  1,456. 
Kingston  venturi  carburetter,  principle,  ills., 

1.390. 
Knight  gas  engine,  ills.,  1,346. 


Lackawanna  Steel  Co.,  gas  producers  house, 

ills.,  1,524. 
Laminations,  wooden,  aeroplane,  ills.,  1,563. 
Landing,  aeroplane,  cave  in,  1,583. 

gear,  1,530,  1,541. 

wire,  1,530. 
Lateral,  control  aeroplane,  1,552,  1,553. 

motion  in  diving,  aeroplane,  diag., 
1,578. 

stability,  aeronautics,  def.,  1,555. 
Law(s),  current,  electricity,  1,398. 

straight  line,  Williams,  diag.,  1,637. 

thermodynamics,  meanings  of,  1,316. 
Lead,  electric,  1,398. 
Leading  edge,  aeroplane,  def.,  1,530. 
Leaks,  preventing  hot  air  engine,  1,748. 
Lever,  exhaust,  gas  engine,  ills.,  1,375. 
Liberty  aeroplane  engine,  ills.,  1,587,  1,588, 
1,588a. 
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XI 


Light  draught  freight  boat,  ills.,  1,521. 
Line,   indicator,   diagram,   adiabatic,    1,319, 
1,321-1,323. 

admission,  1,322,  1,328. 

compression,  1,328,  1,340. 

exhaust,  1,355. 

expansion,  1,328,  1,349. 

isometric,  description  of,  1,321. 

isopiestic,  description  of,  1,320. 

isothermal,  diag.,  1,318. 

thermal,  1,317. 

pre-release,  1,352. 

straight  line  law,  Willans',  1,636,  1,637. 
Load,  steam  engine,  1,662,  1,663,  1,664. 
Loadstone,  def.,  1,398. 
Loomis-Pettibone  gas  system,  1,510. 
Lubrication,  Diesel  engine,  1,485,  1,486. 

gas  engine,  choice  of  lubricant,  1,432. 
systems,  1,431-1,434. 


Magnet,  1,398,  1,399. 
Magnetism,  def.,  1,398,  1,399. 
Magneto,  def.,  1,399. 

gas  engine,  ignition,  circuit,  1,413. 
Bosch  oscillating,  ills.,  1,443. 
high  tension,  1,400,  1,416. 
interrupter,  filing  slot,  ills.,  1,415. 
low  tension,  1,400. 
Sumpter,  ills.,  1,417._ 
Manifold,  steam  and  exhaust,  ills.,  1,703. 
Marine  engine,  Diesel,  Fulton,  ills.,  1,490. 
Nelson,  ills.,  1,475. 
gas,  double  acting,  1,348. 

Fay  &  Bowen,  ills.,    1,365,    1,370, 

1,373,  1,374. 
Palmer,  lubrication,  ills.,  1,434. 
oil.  Monarch,  1,453,  1,455. 

Raabe,  scavenging  variable  compres- 
sion, ills.,  1,466. 
propellers,  l,732r-l,732w. 
steam  indicator  card,  1,680. 
Marine    gas    producer,  1,516,  1,519,    1,520- 

1,522. 
Mean  effective  pressure,  1,683. 
Mechanical,  energy  and  heat  energy,  1,315, 
1,316. 
gas  producer.  Treat,  ills.,  1,506. 
scrubbers,  gas  producer,  1,515. 
vibrator,  gas  engine  ignition,  ills.,  1,409. 
efficiency,  gas  engine,  1,371. 

_  steam  engine,  1,626,  1,627,  1,632. 
Mechanics  of  flight,  aeronautics,  1,565. 
Meitz  &  Weiss  oil  engine,  1,462. 
Meter,  gas,  how  to  read,  diag.,  1,523. 
Misfiring,  gas  engine,  1,395,  1,415. 
Mixing  chamber,  carburetter,  1,385,  1,386. 
Monarch  oil  engine,  ills.,  1,453. 
Morgan  gas  producer,  ills.,  1,497. 
Muffler,  gas  engine,  the,  ills.,  1,357,  1,358. 
Muncie,  scavenging  engine,  ills.,  1,459, 1,461. 


N 


National  Diesel  engine  parts,  ills.,  1,478, 1,479, 
1,480,  1,481-1,483. 

gas  engine,  ills.,  1,360,  1,362. 
Nelson  producer  plant,  ills.,  1,522. 
Net  efficiency,  steam  engine,  1,631,  1,632. 
Nominal  horse  power,  1,621. 
Non-condensing  engine,  ills.,  1,619. 

back  pressure,  1,650. 

f9ur  valve,  economy,  1,659,  1,667  1,679. 

single  cylinder,  number  of  expan.,  1,645. 

uniflow  engine,  steam  cons.,  1,658. 


Ohm,  def.,  1,398. 

Oil,  animal,  gas  engine  lub.,  use,  1,432. 

combustion  requirements,  1 ,464. 

crude  constituents,  ills.,  1,450,  1,451. 

distributer  gas  engine,  1,432. 

fuel,  heat  values,  table,  1,455. 

gas  engine,  cylinder,  lubrication,   1,432. 
starting,  1,437. 

gravity,  1 ,452,  1 ,453. 

lubrication,  gas  engine,  1 ,432. 

pump,  Bessemer,  operation,  ills.,  1.467. 

residual,  kinds,  1,452. 
Oil  engine  (s),  1,449-1,472. 

classification,  1,455,  1,456. 

compression  stroke,  1,472. 

crude  oil,  1,449. 

De  La  Vergne,  1,463,  1,467,  1,470. 

Diesel,    two    cycle,    Southwark-Harris, 
parts,  ills.,  1,489. 

exhaust  stroke,  1,472. 

four  cycle,  ills.,  1,463. 

indicator  card,  ills.,  1,460. 

fuelis),  kinds  of,  1,449. 

pump,  Bessemer,  ills.,  1,467. 

heavy,  indicator  card,  1,464. 

igniter  head,  ills.,  1,461. 

indicator  cards,  1,469. 

low  compression,  ills.,  1,463,  1,464. 

marine,  Raabe  scavenging  variable  com- 
pression, ills.,  1,466. 

Meitz  &  Weiss,  operation,  ills.,  1,462. 

mineral  oil,  1,449. 

Monarch,  ills.,  1,453. 

Muncie  fuel  pump,  ills.,  1,459. 

operation,  1,465. 

piston,  ills.,  1,460. 

power  stroke,  1 ,472. 

semi-Diesel,  1,469,  1,471. 

spray  valve,  ills.,  1,472. 

stroke,  1,465,  1,471. 

two  cycle,  low  comp.,  starting,  1,469. 

vaporizer,  ills.,  1,468. 

Venn-Severin,  indicator,  diag.,  1,465. 
Oscillating   engine,  Graham,    two  _  cylinder, 
transfer    expansion,    jacketted, 
marine,  ills.,  1,678. 


XII 
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Otto,  gas  engine,  ills.,  1,329,  1,364. 

cylinder,  ills.,  1,334. 

valve  gear,  ills.,  1,513. 
suction  gas  producer  plant,  ills.,  1,508. 
Overhead  radiator,  Hall-Scott,  1,517. 


Packard  automobile  engine,  ills.,  1,351. 
Packing,  hot  air  engine,  ills.,  1,746. 
rings,  piston,  gas  engine,  1,376. 
Palmer,  gas  engine  lubrication,  ills.,  1,434. 
Parsons  augmenter,  1,7326. 
Performance,  steam  engine,  1,614,  1,615. 
Petroleum,  constituents,  ills.,  1,450,  1,451. 
refining,  1,449. 

weight,  approximate,  table,  1,454. 
Pipe,  air,  inlet,  ills.,  1,395. 
construction,  ills.,  1,668. 
steam  engine,  selection,  1,672,  1,673. 
diameter,  1,650. 
main,  ills.,  1,668. 
Piping,  1,592. 

exhaust,  steam  engine,  ills.,  1,651. 
steam  engine  to  condenser,  ills.,  1,672. 
Piston,  aeroplane  engine,  Sturtevant,  1,611. 
gas  engine,  ills.,  1,375,  1,376. 

binding,  causes,  1,445. 
National  Diesel  engine,  ills.,  1,480. 
oil  engine.  Domestic,  ills.,  1,460. 
packing  rings,  gas  engine,  des.,  1,376. 
rings,  aeroplane  engine,  Sturtevant,  ills., 
1,611. 
gas  engine,  ills.,  1,375,  1,377. 
speed,  steam  engine,  1,660. 
steam  engine  design,  1,688,  1,689. 
Pitch,  aeroplane,  def.,  1,531. 
propeller,  1,564. 
propeller f  marine,  1,732c,  1,732|:. 
screw,  1,684. 
Poker,  gas  producer,  Hughes,  ills.,  1,499. 
Poles,  magnetic,  1,399. 
Poppet  valve,  ills.,  1,337. 
Portable  engines,  pressure,  1,718. 
Power,  and  fuel,  relationship,  1,339. 
horse,  see  Horse  power, 
hot  air  engine,  1,741. 
loss,  in  gas  engines,  1,335. 
plant,  light  draught  boat,  ills.,  1,521. 
ratings.  Buckeye-mobile,  diag.,  1,663. 
stroke,  gas  engine,  1,327,  1,329. 
oilengine,  1,472. 
Pre-ignition,  gas  engine,  causes,  1 ,446. 
Pressure  and  temp.  Goefs.,  compression,  1 ,343. 

terminal,  1,361. 
Pressure,  back,  steam  engines,  1,650. 

constant,  steam  engine,  1,670. 
electrical,  difference,  1,398. 
gas  engines,  back,  causes  of,  1 ,358. 

explosion,  effect  of  air  on,  1,347. 
gas  producer,  system,  des.,  1,500,  1,503. 

up  draught,  Morgan,  ills.,  1,497. 
initial,  1,636,  1,637,  1,673. 
mean  effective,  1,683. 


Pressure, — Continued 

of  combustion,  the  actual,  1,350. 
steam  engine,  back,  def.,  1,650. 
type  gas  producer,  1,501. 
Producers,  gas,    1,493-1,526,  see   Gas  pro- 
ducers. 
Prony  brake,  ills.,  1,371. 
Propellers,  l,732c-l,732n. 
aeroplane,  des.,  1,563. 
operation,  1,564. 
pitch,  def.,  1,531,  1,564. 
slip,  1,564. 
blade  area,  l,732h. 
built  up,  ills.,  1,732Z. 
churning,  1,732^. 
effective  area,  l,732u 
elliptical  tip,  ills.,  l,732e. 
reversing,  1,732^. 
round  tip,  ills.,  1,732 J,  l,732e. 
shaft,  aeroplane,  Sturtevant,  ills.,  1,612, 
coupHng,  ills.,  1,732^. 
tapers,  1,732«. 
slip,  1,684. 

steam  engine,  ills.,  l,732w. 
thrust,  air  force,  aeroplane,  1,569. 
torque,  aeroplane,  effect,  ills.,  1,561. 
types,  1,732c. 
vibration,  l,732h. 
Pulverizer,  Diesel  engine,  1,477,  1,481. 
Pirnip,  air 9  Graham,  1,729-1,7326. 
drive  rod,  ills.,  1,727. 
belt  driven,  ills.,  1,677. 
Dunham,  author's  design,  ills.,  1,678, 
failure,  Diesel  engine,  1,491. 
feed,  ills.,  1,723-1,725,  1.727. 
•     drive,  ills.,  1,727. 

steam  engine,  ills.,  1,730. 
force  hot  air  engine,  1,735. 
fuel,  Diesel  engine,  1 ,480. 

oil  engine,  Bessemer,  ills.,  1,467, 
gas  engine  cooling,  ills.,  1,428. 
gasolene,  gas  engine,  ills.,  1,375. 
hot  air  engine,  ills.,  1,736,  1,738,  1,753, 
oil,  operation,  ills.,  1,467. 
power,  Dunham,  author's  design,  1,678, 
rod  packing,  hot  air  engine,  ills.,  1,756, 
trouble,  Diesel  engine,  1,491. 
Pumping  plant  arrangement,  1,677. 
PV  diagram,  1,317. 


Raabe  scavenging  variable  compression,  ma- 
rine oil  engine,  ills.,  1,466. 
Radiation  gas  engine,  1,359. 
Radiator,  aeroplane  engine,  ills.,  1,596, 1,597. 

gas  engine,  cooling,  ills.,  1,428,  1,429. 
Real  slip,  propeller,  1,684,  l,7Z2d, 
Reducing  valves,  1 ,670. 

Recco- Ericsson  hot  air  engine,  1,741-1,744. 
Recco-Rider  hot  air  engine,  ills.,  1,749, 1,751, 
Re-evaporation,  steam,  gain,  diag.,  1,644. 
Refrigerator,  hot  air  engine,  1,739,  1,740. 
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Reheater,  steam  engine,  1,671. 

connecting  rod,  ills.,  1,718-1  J21. 

Corliss  economy  curves,  l,67Cr. 

crank  shaft,  ills.,  1.721-1,723. 

cross  head,  ills.,  1,716,  1,718. 

curve     compound     condensing     engine, 

1,660,  1,670,  1,671. 
four  valve  engine,  1,659. 
load,  1,663,  1,664. 

Buckeye,  1,663,  1,666. 

non-condensing,  1,661,  1,667. 
CM/o#,  effect  of,  1,648. 

variable,  1,667,  1,714,  1,717. 

various,  1,646. 

varying,  1,662. 
cylinder,  design,  1,686,  1,687. 

dimensions,  1,684,  1,685,  1,687. 

head,  ills.,  1,694,  1,696,  1,700. 

jacketting,  degree,  ills.,  1,656. 

proportion,  diag.,  1,654. 

temperature f  ills.,  1,648. 
changes,  1,645. 


Steam  engine  design,  1, 677-1, 732&. 

admission,  eccentric  and  strap,  1,714. 
port,  1,693. 
valve,  and  seats,  1,699. 
gear,  1,704. 
air  pump,  zero  clearance,  1,729,  1,731, 
1,732,  1,732a. 
drive,  1,732a. 
bearings,  main,  1,707,  1,708. 
pressure  on,  l,732/i. 
thrust,  1,708,  1,709. 

horseshoe,  ills.,  1,709. 
roller,  1,710,  1,718. 
bedplate.  1,707,  1,708. 
Bilgram  diagrams,  1,695,  1,698. 
clearance,  1,731. 
columns,  1,712. 

compound,  engine,  1,680,  1,681. 
condensation,  reduced,  1,683. 
connecting  rod,  1,718,  1,719. 
crank  end,  1,720. 
ends,  1,721. 
wrist  end,  1,720. 
cost  of  engine,  1,679. 
crank,  ipin,  1,723. 

shaft,  ills.,  1,722. 
cross  head,  1,717. 
cylinder,  bolts,  1,703. 
casting,  ills.,  1,687. 
design,  1,686,  1,694. 
dimensions,  1,684,  1,685,  1,694. 
full  jacketted,  1,683. 
head,  holts,  1,694,  1,702. 

lower,  ills.,  1,700,  1,701. 
studs,  1,701. 

upper,  1,692,  1,694,  1,696. 
size,  1,684. 
studs,  1,703. 
wall  temperature,  diag.,  1,682. 


Steam  engine  design, — Continued 
direct  connected  pumps,  1,677. 
drilled  passages,  1,648. 
Dunham  power  pump,  author's  design, 

ills.,  1,678. 
eccentric,  rod,  1,706. 

guides,  1,722. 

shifting  gear,  ills.,  1,716. 
eccwowy,  in  design,  1,685. 

in    single-cylinder     engine,     1,682, 
1,683. 
engine,  Graham,  front  view,  1,726. 

plan,  1,730. 

side  view,  1,728. 
exhaust  eccentric  and  strap,  ills.,  1,715. 
expected,  card,  1,681. 

mean  effective  pressure,  1,683. 
feed  pump,  ills.,  1,723,  1,724. 

drive,  1,725,  1,727. 

sizes,  1,725. 
frame,  ills.,  1,711,1,712. 
Graham,  oscillating  engine,  ills.,  1,678. 

jacketted  cylinder  marine  engine  as 
designed  for  steamer  Storna- 
way   II,    assembly    drawings, 
1,726,  1,728,  1,730. 
guides,  1.712, 1,713. 
horse  power  formula,  1,685. 
indicator  cards,  1,695. 
jacket  pipes,  1,689,  1,692. 
steam  for  heads  and  walls,  1,692. 
lighter  engine,  1 ,679,  1 ,680. 
main  bearings,  1,707,  1,708. 
manifold,  steam  and  exhaust,  ills. ,  1 ,703. 
marine  engine,  card,  1,680. 
maximum  pressure,  1,686. 
mean  effective  pressure,  1 ,683. 
music  and  mechanics,  the  power  of  sug- 

gestion,  note,  1,678. 
packing,  rings,  1,687. 
non-condensing  tug  engines,  1 ,679, 1 ,680. 
oscillating  engine,  Graham,  ills.,  1,678. 
piston,  1,688,  1,689. 

rod,  1,688,  1.689. 

velocity,  1 ,697. 
plan  of  Graham  engine,  1,730. 
port  opening  dim.,  1,696,  1,698. 
projected  area,  1,723. 
reverse  gear,  1,714. 
revolutions  per  minute,  1,684. 
shaft,  1,721. 

side  view  of  Graham  engine,  1,728. 
single  cylinder,  engine  design,  1,683. 

marine  engine.  Example  for  design 

(conditions  for  steamer  Stornoway 

II),  1,679. 
slip,  1.684. 
steam,  consumption,  1,684,  1,688. 

distribution,  lighter,  engine,  1,680. 
tail  pipes,  ills.,  1,690. 
theoretical  diagram,  1,681. 
transfer    expansion    oscillating     marine 

engine,  Graham,  1,678. 
triple  expansion  engines,  1,693. 
valves,  see  Valve,  steam  engine. 
Watt's  motto,  1,680. 
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Steam  engine  design, — Continued 
wire  drawing,  reduction,  1,683. 
wrist  pin,  ills.,  1,719. 

plate,  design,  1,705. 
mechanism,  1,705. 
motion,  1,703,  1,706. 
Steam  engine,  drop,  cause  of,  1,695. 
duty,  def.,  1,618. 
dynamic,  head,  ills.,  1,623. 

lift,  ills.,  1,623. 
eccentric,  Bilgram  diagram,  1,698. 

guides,  ills.,  1,722. 

shifting,  1,696. 
economy  factors,  1,633,  1,636. 
efficiency,  1,624,  1,625. 
exhaust  pipe,  diameter,  1,650. 

requirement,  1,673. 

selection,  1,672. 
exhaust,  ports,  1,696. 

valve,  ills.,  1,702. 
expected  card,  1,681. 
four  valve,  compound,  economy  curves, 
diag.,  1,667. 

simple,  economy  curves,  diag.,  1,659 
frame,  ills.,  1,710,  1,711,  1,712. 
gear,  control,  ills*.,  1,716. 

reverse,  1,714,  1,715. 

valve,  see  Valve  steam  engine, 
governor,  choice  of,  1,668. 
grid  iron  valve,  compound  condensing, 

economy  curve,  diag.,  1,671. 
guides,  ills.,  1,712,  1,713. 
jacket{s),  design,  1,689. 

steam,  efficiency,  1,657. 
joints,  des.,  1,657. 

law,  straight  line,  Willans,  diag.,  1,637. 
load,  curves,  characteristic,  diag.,  1,663, 
,  1,664. 

variable,  1,662. 
long  stroke,  1 ,685. 
main  bearings,  1,707,  1,708,  1,709. 
manifolds,  ills.,  1,703,  1,730. 
multi-stage,  steam  expansion,  1,659. 
non-condensing,  expansions,  1,645. 

steam,  consumption  curve,  1,658. 
operation,  1,660. 

vs.  gas  engine,  1,323. 
parts,  cross  head,  1,717. 
performance  units,  des.,  1,614,  1,615. 
pipe,  construction,  ills.,  1,668. 

tail,  1,690. 
^t5/ow,  design,  1,688,  1,689. 

speed,  1,660. 

valve,  compound,  condensing,  econ- 
omy curves,  diag.,  1,660. 
plan  of,  1,730. 
port,  dimensions,  ills.,  1,696. 

exhaust,  1,696. 

opening  area,  1,696. 
pressure,  1,635,  1,636. 

constant,  1,670. 

mean,  effective,  1,683. 
quality,  diag.,  1,638. 
reducing  valves,  use,  1,670. 
regulation,  throttling,  diag.,  1,666. 

variable  cut  off,  1,667. 


Steam  engine  design, — Continued 
reheater,  1,671. 
rotati\%  speed,  1,661. 
safety  stop,  ills.,  1,622. 
selection,  1,613-1,676. 

back  pressure,  1,650. 

boiler  efficiency,  diag.,  1,630. 

calorimeter,  throttling,  ills.,  1,640. 

capacity,  altitude  effects,  1,674. 

combined  efficiency,  1,631. 

commercial  efficiency,  1,631,  1,632. 

compressions,  reasons,  1,651. 

condensing,  ills.,  1,619. 

economy,  testing  for,  1,640. 

efficiency,  altitude,  effects,  1,675. 

exhaust,  pipe,  1,672. 

piping,  defective,  1,651. 

knowledge  necessary,  1,613. 

mechanical  efficiency,  1,626. 
curve,  diag.,  1,632. 

net  efficiency,  1,631,  1,632. 

"pounds  of  steam,"  ills.,  1,617. 

single    cylinder,    jacketed,   number 
of  expansions,  1,645. 

steam  consumption,  1,628,  1,658. 

tests,  results,  1,675. 

thermal  efficiency,  1,626. 

throttling  calorimeter,  testing  with, 
1,640. 

uniflow,  r,658. 
separators,  1,670,  1,671. 
short  stroke,  1,685. 
single,  cylinder,  condensation,  1,646. 
single  stage,  steam  expansion,  1,659. 

temperature  range,  table,  1,649. 
special  type  Willans'  law,  1,636. 
static,  head,  ills.,  1,623. 

lift,  ills.,  1,623. 
stationary,  temperature  range,  1 ,649. 
steam,  dry,  use,  diag.,  1,639. 

expansion,     degree,     adv.,     1,642, 
diag.,  1,642. 

line,  main,  requirements,  1,669. 

pressure,  initial,  increasing,  effect, 
diag.,  1,636. 

quality,  classes,  1 ,637. 

re-evaporation,  gain,  diag.,  1,644. 

saturated,  use,  1 ,640. 

superheated,  adv.,  1,641. 

unit,  relative,  1,616. 

wet,  use,  diag.,  1,639. 
studs,  stress  on,  1,702,  1,703. 
tail  pipes,  1,690. 
temperature  range,  1,647,  1,649. 
theoretical  diagram,  ills.,  1,681. 
thermal  efficiency,  ills.,  1,625. 
throttling,  des.,  1,666. 
thrust  rollers,  ills.,  1,718-1,720. 
two  cycle,  ills.,  1,462. 
uniflow,  1,658. 

valve,  see  Valve  steam  engine, 
various  types,  med.,  eff.,  1 ,627. 
water,  feed  consumption,  diag.,  1,619. 
Willans' law,  1,636. 
wire  drawing,  1,661,  1,662. 
wrist  pin,  ills.,  1,719. 
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Stewart  vacuum  gasolene  system,  1,397. 
Stirlinghot  air  engine,  ills.,  1,734,  1,736. 
Stornoway  /,  stuffing  box,  l,732i. 
Stornoway  II f  inside  stuffing  box,  1,732;. 

shaft  coupling,  1,732^'. 

universal  joint,  1,732^. 
Stove  oil,  1 ,452. 

Straight  line  law,  Willans,  diag.,  1,636, 1,637. 
Stratton  separator,  steam  engine,  1,670. 
Stroke,  compression,  oil  engine,  1,465. 

gas  engine,  power,  1,327. 
Stromberg  carburetter,  ills.,  1,389. 
Studs,  cylinder,  stress  on,  1,702,  1,703. 
Stuffing  box,  Str.  Stornaway  /,  //,  1 ,732;. 
Stunipf   uniflow   steam   engine,   steam    con- 
sumption, 1,658. 
Sturtevant   aeroplane   engine,   parts,    ills., 

1,603,     1,610,     1,611,      1,612. 
Suction,  1,512. 
Sumpter  magneto,  ills.,  1,417. 
Superheated  steam,  ills.,  1,639,  1,641,  1,642. 
Superheater,  R.  O.  C,  ills.,  1,388. 
Synchronized  drift  set,  Sperry,  ills.,  1,548. 
Synchronous  ignition,  ills.,  1,410. 
Syracuse  gas  producer,  ills.,    1,502,    1,503, 
1.505. 


Table,  Akerlund  gas  producer,  1,515. 

crude  oil,  weight,  approximate,  1,454. 

feed  water  consumption,  1,617. 

petroleum,  weight,  approximate,  1,454. 

pressure  and  temperature  coef.,  1,361. 
Tail,  pipes,  steam  engine,  1,690. 
Tar  extractor,  gas  producer.  Smith,  1,518. 
Tar  oil,  residual  oil,  1,452. 
Temperature,  changes,  hot  air  engine,  ills., 
1,734. 
steam  engine  cylinder,  1,645. 

cut-off  effect,  1,648. 

cylinder  walls,  1,648,  1,682. 

exhaust,  meaning  of,  1,362. 

range,  steam  engine,  1,647,  1,648. 
single  stage,  table,  1,649. 
Tests,  steam  engine,  selection,  results,  1,675. 

with  throttling  calorimeter,  1,640. 
Thermal  efficiency,  gas  engines,  theoretical, 
1,318,  1,363,  1,365. 

steam  engine,  1,625,  1,626. 
Thermodynamics,  first  law,  1,315. 
Throttle  valves,  types,  ills.,  1,392. 
Throttling,  gas  engine,  theory,  1,384, 

steam  engine,  1,666. 
Thrust,  bearing,  horse  shoe,  ills.,  1,709. 

rollers,  steam  engine,  ills.,  1,718-1,720. 
Timer,  gas  engine  ignition,  1,410,  1,414. 
Timing,  gas  engine,  1,426. 
improper,  1,421. 
meaning  of,  1,418. 
Tip,  wing,  aeroplane,  def.,  1,535. 
Torque,  propeller,  aeroplane  effect,  1,561. 
Tractor,  aeroplane,  def.,  1,535. 

biplane,  Curtiss,  ills.,  1,528,  1,529. 


Treat  mechanical  gas  producer,  ills.,  1,506. 
Two  cycle,  Diesel  engine,  1,474. 

Southwark-Harris,  parts,  ills.,  1,489. 
gas  engine,  stroke,  ills.,  1,368. 
oil   engine,    low    compression,    starting, 

1,469. 
steam,  scavenging,  low  compression,  ills., 
1.461. 
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Uniflow  engine,  1,658. 

condensing  steam  consumption,  1,658. 

non-condensing,  steam  cinsump.,  1,658. 
Unit,  British  thermal,  definition,  1,315. 
Up  draught,  gas  producer,  ills.,  1,497. 


Vacuum     gasolene    system,     Stewart,     ills., 

1,339,  1,378,  1,397. 
Valve (s),   Diesel   engine,  air  injection,   ills., 

1,476. 
exhaust,  ills.,  1,476. 
fuel  oil,  ills.,  1,476. 
gear,  1,485. 

Allis  Chalmers,  1,477. 

National,  1,479. 
inlet,  ills.,  1,476. 
starting,  1,483. 
gas  engine,  cam  device,  ills.,  1,423. 
chambers,  1,337. 

exhaust,  1,334,  1,352,  1,354,  1,362. 
four  cycle,  ills.,  1,327. 
^^ar,  ills.,  1,379. 

Foos  engine,  ills.,  1,336. 

four  cycle,  ills.,  1,324. 

double  acting,  ills.,  1,362. 

Olds,  ills.,  1,339. 

Otto  engine,  ills.,  1,333,  1,513. 

spring  inlet,  ills.,  1,325,  1,327. 
generator,  ills.,  1,394. 
grinding,  ills.,  1,437,  1,439. 
inlet  valve,  1,363,  1,375,  1,440. 
mechanism,  ills.,  1,376. 
Olds,  ills.,  1,339. 
Otto,  ills.,  1,364. 
overheating  prevented,  1 ,378. 
positively  operated,  1,348. 
push  rod,  ills.,  1,425. 
rotary  valve  engine,  1,342. 
sliding,  ills.,  1,346. 
timing,  ills.,  1,404,  1,418,  1,419. 
vaporizer,  ills.,  1,394. 
oil  engine,  by  pass,  ills.,  1,435,  1,455. 
gear,  spiral,  1,466. 
semi-Diesel,  ills.,  1,471. 
sleatn  engine,  1,692. 

admission   valve   and    seat,    1,699, 

1,702,  1,704. 
arrangements  for  high  degree  of  ex- 
pansion, 1,643. 
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Valve(8),  steam  engine t — Continued 
Bilgram  diagrams,  1,698. 
cylinder  heads,  1,092. 
exhaust,  ills.,  1,702. 

independently  driven,  1,668. 
taper  plug,  rocking,  of  Graham  en- 
gine for  steamer  Stornoway  II, 
1,694,  1,702. 
gear,  1,726,  1,728,  1,730. 
action,  diag.,  1,662. 
admission,  ills.,  1,704. 
layout,  preliminary,  of  Graham  en- 
gine for  steamer  Stornoway  II, 
ills.,  1,699. 
movement,  effect  of  wrist  plate  on, 
1,703. 

quick  acting,  1,683. 
shifting  eccentric  design,  1,693. 
variable  cut  off,  1,696,   1,714, 

1,717. 
wire  drawing  diag.,  1,662. 
reducing,  1,670._ 

separate  admission  and  exhaust,  1,683. 
steam  jackets,  1,655. 
Vaporizer,  oil  engine,  ills.,  1,394,  1,468. 
Variable,  cut  off,  1,667,  1,714,  1,717. 
regulation,  1,667. 
load,  stearn  engine,  1,662,  1,663. 
Venn-Severin  oil  engine,  indicator,  1,465. 
Venturi  carburetter,  Kingston,  ills.,  1,380. 
Vertical  cylinder  aeroplane  engines,  1 ,589. 
Vibrator,  coil,  ignition,  ills.,  1,409,  1,412. 
mechanical,    gas   engine   ignition,    ills., 
1,409. 
Voltage,  def.,  1.398. 


W 


"Water,  circulating,  gas  engine,  loss,  1,359. 

consumption,  various  cut  offs,  steam  en- 
gine, 1,646. 

cooling,  gas  engine,  starting,  1,435. 

feed,  consumption,  1,619. 

jacket,  effect  of,  in  expansion,  1,323. 

supply  pumping  plant,  1,677. 
Weedless  propeller,  ills.,  l,732(i. 
Weight,  crude  oil,  approximate,  table,  1,454. 

petroleum,  approximate,  table,  1,454. 

steam,  ills.,  1,616. 
Wet  steam,  use,  diag.,  1,639. 
Willans'  straight  line  law,  1,636,  1,637. 
Wiredrawing,  1,661,  1,662. 

reducing,  1,683,  1,703. 
Wood,  stresses,  nature,  1,539. 
Woodpecker  kerosene  engine,  ills.,  1,456. 
Wrist,  pin,  gas  engine,  1,376. 

steam  engine,  Graham,  1,719. 

plate  mechanism,  Graham,  ills.,  1,703, 
1,705,  1,706. 


Zero  clearance  air  pump,  the  author's,  ills., 
1,731. 
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